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stituent, aroxy or NR^R 6 , where R* is hydrog- 
en, alkyl with 0 or 1 -hydroxy substituent or 
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rine only when R 2 is methyl, when R 3 or R 4 is 
methyl the other R 3 or R 4 is also methyl and 
when Q is said thienyl group Q may be in either 
the cjs_or trans position. These compounds are 
useful as chemopreventive agents for inhibiting 
tumor promotion in epithelial cells and for 
treating nonmalignant skin disorders. 
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BENZONORBORNENYL, BENZOPYRANYL AND 
BENZ OTHIOPYRANYL RETINOIC ACID ANALOGUES 

Reference to Government Grant or Contract 

The invention described herein was made in 
5 the course of work under grant from the National 
Institutes of Health. 

Description 

Technical Field 

The invention is in the fields of retinoid 
10 chemistry and chemotherapy. More particularly the 
invention relates to certain benzonorbornenyl , 
dihydrobenzopyranyl and dihydrobenzothiopyranyl 
retinoic acid analogues. 

Background Art 

15 The progressive loss of the regulation of 

cellular differentiation by epithelial cells can 
result in cancer. Retinoic acid and some of 'its 
analogues (retinoids) have been investigated as 
"chemopreventive** agents, that is, agents that inter- 

20 fere with tumor promotion in epithelial cells. 

Boutwell, R.K. , et al, Advances in Enzyme Regulation 
V.17, Weber, G. , (Ed.), Pergamon Press (1979); Verma, 
A.K., et al, Cancer Res (1979) 39: 419-427; Dawson, 
M.I., et al, J Med Chem (1980) 23. 1 1013-1022, J Med 

25 Chem (1981) 24j583-592, and J Med Chem (1981) 24tl214- 
1223. 

The first Dawson, M.I., et al, articl des- 
cribes the synthesis of ethyl (£)-3,7-dimethyl-9-(exo- 
bicyclo[2.2.1]h pt-2- n-2-yl )-2, 4, 6, 8-nonatetraenoate. 
30 This compound is highly labile but exhibited activity 
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in the ornithine decarboxylase (ODC) assay , which 
assay is described by Verma, A.K. and Boutwell, R.K. , 
Cancer Res (1977) 37:2196-2201, In the latter Dawson 
article the synthesis of an analogue of the above 
5 described norbornenyl retinoid is reported. This 
compound, ethyl (E)-3, 7-dimethyl-9-( exo- 2-bicy- 
clo[2.2.1]heptyl)-2,4, 6, 8-nonatetraenoate, also 
exhibited activity in the ODC assay. 

The second Dawson article, J Med Chem (1981) 
10 2Ai 583-592, describes the preparation of (IE, 3E_)- and 
( 1Z, 2Z) -1 - ( 4-carboxypheny 1 ) -2-methyl-4- (2,6, 6-tr i- 
methyl-l-cyclohexen-l-yl)-l, 3-butadiene, the methyl 
and ethyl enters thereof, (JE )-l-(2-carboxyphenyl )-4- 
methyl-6-(2, 6, 6-trimethyl-l-cyclohexen-l-yl )-l ,3,5- 
15 hexatriene, the methyl ester thereof, (jO-l-[2-(tetra- 
hydropyranyloxy)phenyl]-4-methyl-6-(2, 6, 6-trimethyl-l- 
cyclohexen-l-yD-l, 3, 5-hexatriene and the ( IE , 3Z_, 5E.) 
isomer thereof, arid (^)-l-(2-hydroxyphenyl)-4-methyl- 
6- (2, 6, 6-trimethyl-l-cyclohexen-l-yl)-l, 3, 5-hexatriene 
20 and its (IE, 3Z^, 5EJ isomer. Some of these aromatic 
retinoic acid analogues also exhibited biological 
activity in the ornithine decarboxylase (ODC) assay. 

Other reported aromatic retinoic acid ana- 
logues with biological activity are 4-[ (E - )-2-(l , 2, 3, 4- 
25 tetrahydro-1 , 1 ,4, 4-tetramethyl-6-napthyl )-l-propen-l- 
yl]benzoic acid and ethyl 4-[ (Ej-2-(l , 2, 3, 4-tetra- 
hydr o-l ,1,4, 4-t et r amethy 1-6-naphthy 1 ) -1 -propen-1 - 
yl]benzoate. These compounds exhibit very marked 
therapeutic ff ct against carcinogen-induced skin 
30 papillomas, Loeliger, P., et al, Eur J Med Chem - 
Chemica Therapeutica (1980) 15:9-15 and West German 
Patent No. 2,854,354. 

A principal object of this invention is to 
provide r tinoic acid analogu s which are biologically 
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active and which may exhibit lesser toxicity than 
other retinoic acid analogues. 

Disclosure of the Invention 

The retinoic acid analogues of the invention 
5 are compounds of the formula: 




where A is the substituent system of a fused ring 
selected from: 
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and R 1 , R 2 , R 3 and R 4 are hydrogen or methyl, X is 
hydrogen or fluorine and Q is; 



O 




(d) 



N \ .C-R 




(e) 




(f) 



N 



^ C-R 



(g) 





V // 



o 

II 

C-R 



(i) 



5 where is hydrogen, hydro xy, methoxy or fluorine, R 
is hydroxy, alkoxy with 0 or 1 hydroxy substituent, 
aroxy or NR 5 R 6 , where R 5 is hydrogen, alkyl with 0 or 
1 hydroxy substituent or aryl and R 6 is alkyl with 0 
or 1 hydroxy substituent or aryl, with the provisos 
10 that X is fluorine only when R 2 is methyl, when R 3 or 
R 4 is methyl, the other R 3 or R 4 is also methyl, and 
when Q is (i) Q may be in either the cis or trans 
position. 

When us d as pharmaceuticals, eg, as a 
15 chemopreventive agent or for treating skin disorders 
such as prolif rative skin dis ases or acne, one or 
mor of these retinoids is combined with a suitable 
pharmaceutical ly acc ptable carrier and an effectiv 
dose th reof is administ red to the patient. 
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Modes for Carrying Out the Invention 

The alkoxy groups represented by R will 
usually contain 1 to about 10 carbon atoms and have 0 
or 1 hydroxy substituent. They will preferably con- 
5 tain 1 to 4 carbon atoms, and have 0 or 1 hydroxy 
substituent.. The alkoxy groups represented by R may 
be straight chain or branched chain. Examples of such 
alkoxy groups are methoxy, ethoxy, jv-propoxy, i^-pro- 
poxy, _n-butoxy, _s-butoxy, t_-butoxy, ji-pentoxy, 
10 .n-hexoxy, 2-methylpentoxy , ii-heptoxy, 2-hydroxyethoxy, 
3-methylhexoxy, n-octoxy, and ji-decoxy. The aroxy 
groups represented by R will usually be mononuclear 
and contain 6' to 15 carbon atoms, more usually 6 to 10 
carbon atoms and have 0 or 1 hydroxy or C^-C^ alkoxy 
15 substituent. Preferred aroxy groups are phenoxy and 
hydroxy- ©r C1-C4 alkoxy-monosubstituted phenoxy. 
Examples of aroxy groups are phenoxy, o- ( ra- ( or 
£-hydroxyphenoxy, m-, or p r methoxyphenoxy, toloxy, 

cumoxy, xyloxy, and naphthoxy. 
20 The alkyl groups represented by R 1 and R 2 

may be straight chain or branched chain. They will 
typically each contain 1 to 8 carbon atoms with 0 or 1 
hydroxy substituent, preferably 1 to 4 carbon atoms, 
and have 0 or 1 hydroxy substituent. Examples of such 
25 alkyl groups are methyl, ethyl, propyl, isopropyl, 
n-butyl, s r butyl, n r amyl, n^-hexyl, 2-methylamyl, 
n.-heptyl, 3-methylhexyl, jv-octyl, hydroxymethyl, 
2-hydroxyethyl, 3-hydroxypropyl, 2^hydroxyhexyl, and 
the like. The corresponding aryl groups represented 
30 by Rl and r2 may be substituted or unsubstituted 

mononuclear or polynuclear moieties^ The substituents 
will usually be lower (ie, 1 to 4 carbon atoms) alkyl, 
monohydroxyalkyl, lower alkoxy, monohydroxyalkoxy or 
hydroxy. When substituted, the group will usually be 
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mono-substituted. Examples of such groups are phenyl, 
07, nv-, or jD-hydroxyphenyl , o_-, in-, or £-methoxy- 
phenyl, ethylbenzyl, cumyl, and the like. These aryl 
groups will usually contain 6 to about 15 carbon 
5 atoms , more usually 6 to 10 carbon atoms. Phenyl, 4- 
hydroxyphenyl, and 4-methoxyphenyl are preferred aryl 
groups. 

Examples of acids (R - OH) are: 
(E_)-l-(4-carboxyphenyl)-2-(l, 4-methano-l, 2, 3, 4- 

10 tetrahydro-6-naphthyl)-l-propene 

(E) -1 - ( 4-carboxy-2-f luorophenyl ) -2- ( 1 , 4-methano- 
1 , 2, 3, 4-tetrahydro-6-naphthyl )-l-propene 
{E) -1 - ( 4-carboxy-2-hydroxypheny 1 ) -2- ( 1 , 4-methano- 
1 , 2 , 3 , 4-tetrahydro-6-naphthyl )-l-propene 

15 (E_)-l-(4-carboxy-2-methoxyphenyl)-2-(l,4-methano- 
1 , 2, 3, 4-tetrahydro-6-naphthyl )-l-propene 
{E) -1 - ( 2-carboxy-5-pyridy 1 ) -2- ( 1 , 4-methano-l , 2 , 3 , 4- 
tetrahydro-6-naphthyl )-l-propene 

(E) -1 - ( 2-carboxy-4-imidazolyl )-2- ( 1 , 4-methano-l , 2 , 3 , 4- 
20 tetrahydro-6-naphthyl )-l-propene 

( jO-l-(2-carboxy-5-pyrazinyl) -2- (1, 4-methano-l ,2,3,4- 

tetrahydro-6-naphthyl)-l-propene 

{E) -1 - ( 2-carboxyr 5-pyr imidiny 1 ) -2- ( 1 , 4-methano- 

1, 2, 3,4-tetrahydro-6-naphthyl)-l-propene 
25 CE)~l-( 2-carboxy-5-thieny 1 ) -2- ( 1 , 4-methano-l ,2,3,4- 

tetrahydro-6-naphthyl)-l-propene 

(Zj -1 - ( 2-carboxy-5-thienyl ) -2- ( 1 , 4-methano-l , 2,3,4- 
tetrahydro-6-naphthyl)-l-propene 

(E^)-l- (4-carboxyphenyl )-2- (1 , 4-methano-7-methyl- 
30 1 # 2, 3, 4-tetrahydro-6-naphthyl)-l-propene 

(JE^)-l-(4-carboxy-2-f luorophenyl ) -2- (1 , 4-methano-7- 
methyl-1 ,2,3, 4-tetrahydro-6-naphthyl )-l-propene 
(E > )-l-(4-carboxy-2-hydroxyphenyl)-2-(l,4-methano-7- 
methyl-1 #2,3, 4-t etrahydro-6-naphthyl ) -1-propene 
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(j2 )-l- (4-carboxy-2-methoxyphenyl )-2-(l , 4-methano-7- 
methyl-1 #2,3, 4-tetrahydro-6-naphthyl ) -1-propene 
(E) -1 - ( 2-carboxy-5-pyridyl ) -2- ( 1 , 4-methano-7-methy 1- 
1 , 2 , 3 , 4-t etrahydro-6-naphthyl ) -1-propene 
5 (E B )-l-(2-carboxy-4-imidazolyl)-2-(l,4-methano-7- 
rae thyl-1 , 2, 3 , 4-tetrahydro-6-naphthyl) -1-propene 
(E) -1- ( 2-carboxy-5-pyrazinyl ) -2- ( 1 , 4-methano-7-methyl- 
1 ., 2 , 3 , 4-tetrahydro-6-naphthyl ) -1-propene 
( E) -1- ( 2-carboxy-5-pyrimidinyl ) -2- ( 1 , 4-methano-7- 

10 methyl-1 , 2 , 3 , 4-t etrahydro-6-naphthyl ) -1-propene 

(^E ) -1- ( 2-carboxy-5-thienyl ) -2- (1 # 4-methano-7-methyl- 
1,2,3, 4-t etrahydro-6-naphthyl ) -1-propene 
(Zj -1 - ( 2-carboxy-5-thienyl ) -2- ( 1 , 4-methano-7-methyl- 
1,2, 3, 4-t etrahydro-6-naphthyl ) -1-propene 

15 (E0-l-(4-carboxyphenyl)-2-(l,4-methano-7-methyl- 
1,2, 3, 4-tetrahydro-6-naphthyl) -1-propene 
(E) -1 - ( 4-carboxy-2-f luorophenyl ) -2- ( 1 , 4-methano-7- 
methyl-1 ,2,3, 4-t etrahydro-6-naphthyl ) -1-propene 
{E) -1 - ( 4-carboxy-2-hydroxyphenyl ) -2- ( 1 , 4-methano-7- 

20 methyl-1, 2, 3, 4-t etrahydro-6-naphthyl) -1-propene 

(E0-l-(4-carboxy-2-methoxyphenyI)-2-(l , 4-methano-7- 
methyl-1 ,2,3, 4-tetrahydro-6-naphthyl ) -1-propene 
(j2 ) -1 - ( 4-carboxyphenyl ) -1-f luoro-2- ( 1 , 4-methano- 
1,2,3, 4-t etrahydro-6-naphthyl ) -1-propene 

25 (£)-l-(4-carboxy-2-f luorophenyl ) -1-f luoro-2-(l, 4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) -1-propene 
(E B )-l-(4-carboxy-2-hydroxyphenyl)-l-f luoro-2- (1,4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) -1-propene 
{E) -1- ( 4-carboxy-2-methoxyph nyl ) -1-f luoro-2- ( 1 , 4- 

30 methano-1, 2, 3, 4-t etrahydro-6-naphthyl) -1-propene 
(E) -1 - ( 4-carboxyph nyl ) -1-f luoro-2- ( 1 , 4-methano-7- 
m thyl-1, 2, 3 , 4-tetrahydro-6-naphthyl)-l-propen 
(E0-l-(4-carboxy-2-fluorophenyl)-l-fluoro-2-(l,4- 
methano-7-me thyl-1 ,2,3, 4-tetrahydro-6-naphthyl )-l- 
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(JE ) -1 - ( 4-carboxy-2-hydroxyphenyl ) -1-f luoro-2- (1,4- 
methano-7-methyl-l ,2,3, 4-tetrahydro-6-naphthyl )-l- 
L propene 

(J2)-l- ( 4-carboxy-2-methoxyphenyl ) -1-f luoro-2- ( 1 , 4- 

l 5 methano-7-methyl-l,2,3,4-tetrahydro-6-naphthyl)-l- 

t propene 

( EM- ( 2-carboxy-5-thienyl ) -2- ( 1 , 4-methano-l , 2 , 3 , 4- 
\ t etrahydro-6-naph thy 1)-1 -propene 

(Z_)-l- (2-carboxy-5-thienyl) -2- (1, 4-methano-l, 2,3,4- 
l 10 tetrahydro-6-naphthyl ) -1 -propene 

[ (^)-l-(2-carbojcy-5-thienyl)-2-(l,4-methano-7-methyl- 

1 , 2 , 3 , 4-t e trahydrd-6-naphthy 1 ) -1 -propene 
(Z_)-l-(2-carboxy-5-thienyl)-2-(l,4-methano-7-methyl- 
1# 2, 3,4-tetrahydro-6-naphthyl)-l-propene 
15 (E_)-l-(4-carboxyphenyl)-2-(l,4-dimethyl-l,4-methano- 
1 , 2 , 3 , 4-tetrahydro-6-naphthyl ) -1-propene 

)-l- ( 4-carboxy-2-f luorophenyl ) -2- (1 , 4-dimethyl-l , 4- 
methano-1 , 2 , 3 , 4-tetrahydro-6-naphthyl ) -1-propene 
(E)-l-(4-carboxy-2-hydroxyphenyl)-2-(l, 4-dimethyl-l, 4- 
20 methano-1, 2, 3, 4-tetrahydro-6-naphthyl ) -1-propene 

( 4-carboxy-2-methoxyphenyl ) -2- ( 1 , 4-dimethyl-l , 4- 
methano-1 , 2,3, 4-tetrahydro-6-naphthyl ) -1-propene 
I (JL)-l-(2-carboxy-5-pyridyl)-2-(l, 4-dimethyl-l, 4- . 

m ethano-l ,2,3, 4-t etrahydro-6-naphthy 1 ) -1-propene 
I 25 (E )-l-( 2-carboxy-4-imidazolyl) -2- (1, 4-dimethyl-l, 4- 

| methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) -1-propene 

{E) -1 -( 2 -carboxy-5-pyrazinyl ) -2- ( 1 , 4-dimethyl-l , 4- 
j methano-1 ,2,3, 4-tetrahydro-€-naphthyl ) -1-propene 

(E^)-l-(2-carboxy-5-pyrimidinyl )-2-(l , 4-dimethyl-l , 4- 
30 methano-1, 2, 3, 4-tetrahydro-6-naphthyl) -1-propene 
(E_)-l-(2-carboxy-5-thienyl )-2-(l , 4-dimethyl-l , 4- 
methano-1 , 2, 3 , 4-tetrahydro-6-naphthyl ) -1-propene 
(Z_)-l-(2-carboxy-5-thienyl )-2-(l , 4-dimethyl-l , 4- 
i methano-1 ,2,3, 4-tetrahydro-6-naphthyl )-l-propen 
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(E_)-l- (4-carboxyphenyl )-l-f luoro-2- (1 , 4-dimethyl-l , 4- 
methano-1 , 2, 3 , 4-tetrahydro-6-naphthyl )-l -propane 
(E) -1 - ( 4-carboxy-2-f luorophenyl ) -1-f luoro-2- ( 1 , 4- 
dime thyl-1 / 4-methano-l , 2 , 3 , 4-tetrahydro-6-naphthyl ) -1- 
5 propene 

(E^)-l- (4-carboxy-2-hydroxyphenyl)-l-fluoro-2-(l , 4- 
dimethyl-1 , 4-methano-l ,2,3, 4-tetrahydro-6-naphthyl ) -1- 
propene 

(E_)-l - ( 4-carboxy-2-me thoxyphenyl ) -l-fluoro-2- (1,4- 
10 dimethyl-1 , 4-methano-l , 2, 3, 4-tetrahydro-6-naphthyl )-l- 
propene 

( E > )-l-(4-carboxyphenyl) -l-fluoro-2- (1 ,4, 7 -t rime thy 1- 
1 , 4-methano-l , 2 ? 3 , 4-t etr ahydr o-6-naphthy 1 ) -1 -propene 
(E^J-l- (4-carboxy-2-fluorophenyl) -l-fluoro-2- (1, 4, 7- 
15 trimethyl-1 , 4-methano-l ,2,3, 4-tetrahydro-6-naphthyl ) - 
1 -propene 

(Zj-1- ( 2-carboxy-5-thienyl ) -2- (1,4, 7 -trimethyl-1 , 4- 
methano-1, 2, 3, 4-tetrahydro-6-naphthyl)-l -propene 
(E B )-l-(4-carboxy-2-hydroxyphenyl) -l-fluoro-2- (1 , 4, 7- 
20 trimethyl-1 , 4-methano-l ,2,3, 4-tetrahydro-6-naphthyl ) - 
1 -propene 

(£)-l-(4-carboxy-2-me thoxyphenyl) -1-f luoro-2- (1 , 4, 7- 
tr imethyl-1 , 4-methano-l ,2,3, 4-tetrahydro-6-naphthyl ) - 
1-propene 

25 (E_)-l - ( 4-carboxyphenyl ) -2- ( 1 , 4-methano-l ,2,3,4- 
•tetrahydro-6-naphthyl) ethene 

(Ej-1- ( 4-carboxy-2-f luorophenyl ) -2- (1 , 4-methano- 
1, 2, 3,4-tetrahydro-6-naphthyl)ethene 
0E)-l-(4-carboxy-2-hydroxy phenyl )-2-(l , 4-methano- 
30 1,2,3, 4-tetrahydro-6-naphthyl ) ethene 

(Ej-1 - ( 4-carboxy-2-m thoxyphenyl ) -2- ( 1 , 4-me thano- 
1,2,3, 4-tetrahydro-6-naphthy 1 ) ethene 
(Ej-1 -( 2-carboxy-5-pyr idyl ) -2- ( 1 , 4-methano-l , 2 , 3 , 4- 
tetrahydro-6-naphthyl) ethene 
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( E ) -1 - ( 2-carboxy-4-imidazoly 1 )-2- ( 1 , 4-methano-l ,2,3,4- 
t etrahydro-6-naphthyl ) ethene 

(E)-l - ( 2-carboxy-5-pyrazinyl )-2- ( 1 , 4-methano-l ,2,3,4- 
tetrahydro-6-naphthyl) ethene 
5 (E) -1 - ( 2-carboxy-5-pyr imidinyl ) -2- ( 1 , 4-raethano- 
1,2,3, 4-tetrahydro-6-naphthyl ) ethene 
( E_) -1 - ( 2-carboxy-5-thienyl ) -2- ( 1 , 4-raethano-l ,2,3,4- 
tetrahydro-6-naphthyl) ethene 

(Zj -i - ( 2-carboxy-5-thieny 1 ) -2- ( 1 , 4-methano-l ,2,3,4- 

10 tetrahydro-6-naphthyl) ethene 

(E) -l - (4-carboxyphenyl ) -1-f luoro-2- ( 1 , 4-methano- 
1,2,3, 4-tetrahydro-6-naphthyl ) ethejae 
(E_)-l- (4-caxi30xy-2-f luorophenyl ) -1-f luoro-2- (1 , 4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 

15 (E_ )-l-(4-carboxy-2-hydroxyphenyl)-l-f luoro-2- (1, 4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 
(E_) -1 -( 4-carboxy-2-raethoxyphenyl ) -1-f luoro-2- ( 1 , 4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 
( Ej -1 - ( 4-carboxyphenyl ) -2- ( 1 , 4-dimethyl-l , 4-methano- 

20 1,2,3, 4-tetrahydro-6-naphthyl ) ethene 

( E_) -1 - (4-carboxy-2-f luorophenyl ) -2- (1 , 4-dimethyl-l , 4- 
methano-1 ,2,3, 4-t etrahydro-6-naphthyl ) ethene 
( Ej-l- (4-carboxy-2-hydroxyphenyl )-2- (1 , 4-dimethyl-l , 4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 

25 (Ej-l-(4-carboxy-2-methoxyphenyl )-2-(l , 4-dimethyl-l , 4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 
(E_)-l-(2-carboxy-5-pyridyl)-2-(l, 4-dimethyl-l, 4- 
methano-1 ,2,3, 4-t etrahydro-6-naphthyl ) ethene 
(EJ-1- (2-carboxy-4-imidazolyl )-2-(l , 4-dimethyl-l , 4- 

30 methano-l,2,3,4-t trahydro-6-naphthyl ) thene 

( E_) -1 - ( 2-carboxy-5-pyraziny 1 ) -2- ( 1 , 4-dimethyl-l , 4- 
methano-1 ,2,3, 4-t trahydro-6-naphthyl ) ethene 
( E_)-l - ( 2-carboxy-5-pyrimidinyl )-2- ( 1 , 4-dimethyl-l , 4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 
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( J3) -1 - { 2-carboxy-5-thieny 1 ) -2- ( 1 , 4-dimethyl-l , 4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 
(Z_) -1 -( 2-carboxy-5-thienyl ) -2- ( 1 , 4-dimethyl-l , 4- 
methano-1 ,2,2, 4-tetrahydro-6-naphthyl ) ethene 
5 (£)-l-(2-carboxy-5-thienyl)-2-(l,4,7-trimethyl-l,4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 
(Ej-l-(2-carb6xy-5-thienyl)-2-(l,4,7-trimethyl-l,4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 
{Z) -1 - ( 4-carboxy-2-f luoropheny 1 ) -2- (1,4 ,^-tr imethy 1- 

10 1 , 4-me thano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 

(E_)-l-(4-carboxy-2-hydroxyphenyl)-2-(l , 4, 7-tr imethy 1- 
1 , 4-me thano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 
( E^) -1- ( 4-carboxy-2-methoxyphenyl )-2- (1,4, 7-tr imethy 1- 
1 , 4-me thano-1 ,2,3, 4-tetrahydro-6-naphthyl ) ethene 

15 (E_ ) -1 - ( 4-carboxyphenyl ) -1- f luoro-2- (1,4, 7-tr imethyl- 
1 , 4-methano-l ,2,3, 4-tetrahydro-6-naphthyl ) ethene 
( E_) -1 - ( 4-carboxy-2-f luoropheny 1 ) -1- f luoro-2- (1,4,7- 
trimethyl-1 , 4-methano-l , 2, 3, 4-tetrahydro-6- 
naphthyl) ethene 

20 (Ej-l-(4-carboxy-2-hydroxyphenyl)-l-fluoro-2-(l, 4, 7- 
tr imethy 1-1 , 4-methano-l ,2,3, 4-tetrahydro-6- 
naphthyl ) ethene 

(E_)-l-( 4-carboxy-2-methoxyphenyl ) -1 -f luoro-2- (1,4,7- 
trimethyl-1 , 4-methano-l , 2, 3, 4-tetrahydro-6- 
25 naphthyl) ethene 

( E_)-l- ( 4-carboxyphenyl ) -2- ( 4 , 4-dimethyl-2 , 3-dihydro-l- 
benzothiopyran-6-yl ) -1-propene 

(E_)-l-(2-carboxy-5-pyridyl)-2-(4,4-dimethyl-2,3- 
dihydro-l-b nzothiopyran-6-yl ) -1-propene 
30 (E_)-l-( 2-carboxy-4-imidazolyl )-2-(4 , 4-dimethyl-2 , 3- 
dihydro-l-benzothiopyran-6-yl ) -1-propene 
(E_)-l-( 2-carboxy-5-pyrazinyl ) -2- (4 , 4-dimethyl-2 , 3- 
dihydr o-l -benzothiopyran-6 -y 1 ) -1 -pr opene 
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( E_) -1 - ( 2-carboxy-5-pyr imidinyl ) -2- ( 4 , 4-dimethy 1-2 , 3- 
dihydro-l-benzothiopyran-6-yl )-l-propene 
( E_) -1 - ( 2-carboxy-5-thienyl ) -2- ( 4 , 4-dimethyl-2 , 3 - 
dihydro-l-benzothiopyran-6-yl)-l-propene 
5 (E_) -1- (4-carboxyphenyl ) -2- (4, 4, 7-trimethyl-2 , 3- 
dihydro-l-benzothiopyran-6-yl )-l-propene 
( Ej -1 - ( 2-carboxy-5-pyridy 1 ) -2- ( 4 , 4, 7-trimethyl-2 , 3 - 
dihydro-l-benzothiopyran-6-yl)-l-pr opene 
( E_) -1 - ( 2-carboxy-4-imidazolyl ) -2- ( 4 , 4 , 7-tr imethyl-2 , 3 - 

10 dihydro-l-benzothiopyran-6-yl )-l-propene 

( E_) -1 - ( 2-carboxy-5-pyrazinyl ) -2- (4, 4, 7-trimethyl-2 , 3- 

dihydro-l-benzothiopyran-6-yl)-l-propene 

( E_) -1 - ( 2-carboxy-5-pyr imidinyl ) -2- (4,4 , 7-tr imethy 1- 

2, 3-dihydro-l-benzothiopyran-6-yl )-l-propene 

15 (Ej-l-(2-carboxy-5-thienyl)-2-(4,4,7-trimethyl-2,3- 
dihydro-1 -benzothiopyr an-6-yl ) -1 -pr opene 
(Z) -1 - ( 4-carboxyphenyl ) -2- ( 4 , 4-dimethyl-2 , 3-dihydr o-l - 
benzopyran-6-yl ) ethene 

(E)-l-( 2-carboxy-5-pyr idyl ) -2- ( 4 , 4-dimethyl-2 , 3- 
20 dihydro- l-benzopyran-6-yl) ethene 

( Ej-1- ( 2-carboxy-4-imidazolyl ) -2- ( 4 , 4-dimethyl-2 , 3- 
dihydro-l-benzopyran-6-yl) ethene 

( EJ-1- ( 2-carboxy-5-pyrazinyl ) -2- (4 , 4-dimethyl-2 , 3- 
dihydro-l-benzopyran-6-yl ) ethene 
25 (Ej-l-(2-carboxy-5-pyrijnidinyl)-2-(4,4-dimethyl-2,3- 
dihydro-l-benzopyran-6-yl) ethene 
(Z_)-l-(2-carboxy-5-thienyl)-2-(4 f 4-dimethyl-2, 3- 
dihydro-l-benzopyran-6-yl)ethene 

(E_)-l-(4-carboxyph nyl)-2-(4, 4-dimethyl-2, 3-dihydro-l- 
30 benzothiopyran-6-yl) thene 

( Ej-1- ( 2-carboxy-5-pyr idyl ) -2- ( 4 , 4-diinethyl-2 , 3- 
dihydr o-l -benzopyran-6 -yl ) -pr opene 

( JE)-1- ( 2-carboxy-4-imidazo lyl ) -2- ( 4 , 4-diraethyl-2 , 3- 
dihydro-l-benzopyran-6-yl)-propene 
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(E) -l- ( 2-carboxy-5-pyrazinyl ) -2- ( 4 , 4-dimethyl-2 , 3- 
dihydro-l-benzopyran-6-yl ) -propene 

( E) -1 - ( 2-carboxy-5-pyr imidinyl ) -2- ( 4 , 4-dimethyl-2 , 3 - 
dihydro-l-benzopyran-6-yl) -propene 
5 (Z_)-l-( 2-carbo xy-5-thieny 1 ) -2- ( 4 , 4-dimethy 1-2 , 3 - 
dihydro-l-benzopyran-6-yl ) -propene 

( E_) -1- (4-carb'oxy-2-f luorophenyl ) -2- ( 4 , 4-dimethyl-2 , 3 - 
/dihydro-1 -behzothiopyr an-6-yl ) -l-prbpene 
/ (Ej-l-(4-carboxy-2-fluorophenyl)-2-(4,4,7-trimethyl- 
10 s 2, 3-dihydro-l-benzopyran-6-yl )-l-propene 

( Ej -1- (4-carboxy-2-f luorophenyl ) -2- (4 , 4-dimethyl-2 , 3- 
dihydro-l-benzothiopyran-6-yl ) ethene 

( Ej -1 - ( 4-car.boxy-2-f luorophenyl ) -2- ( 4 , 4-dimethyl-2 , 3 - 
dihydro-1 -behzopyran-6-yl ) ethene 

15 (E_)-l-( 4-carboxy-2- f luorophenyl ) -1 -f luoro-2- (4,4,7- 
trimethyl-2 , 3-dihydro-l-benzothiopyran-6-yl )-l-propene 
(E_) -1 - ( 4-carboxy-2-f luorophenyl ) -1-f luoro-2- (4,4- 
dimethyl-2, 3-dihydro-l-benzopyran-6-yl)-l-propene 
( Ej -1 - (4-carboxy-2-methoxyphenyl ) -2- ( 4 , 4 , 7-tr imethyl- 

20 2, 3 -dihydro-1 -benzopyr an- 6 -yl)-l -propene 

( E_) -1 - ( 4-carboxy-2-methoxypheny 1 ) -2- ( 4 , 4 , 7-tr imethy 1- 
2, 3-dihydro-l-benzothiopyran-6-yl )-l-propene 
(Ej-l-(4-carboxy-2-methoxyphenyl)-2-(4,4-dimethyl-2, 3- 
dihydro-1 -benzopyr an-6-yl ) ethene 

25 (E > )-l-(4-carboxy-2-methoxyphenyl)-2-(4,4-dimethyl-2,3- 
dihydro-l-benzothiopyran-6-yl ) ethene 
( E_) -1 - ( 4-carboxy-2-methoxypheny 1 ) -1-f luoro-2- (4,4,7- 
trimethyl-2,3-dihydro-l-benzothiopyran-6-yl)-l-propene 
(E_)-l-(4-carboxy-2-methoxyphenyl)-l-fluoro-2-(4,4- 

30 dimethyl-2, 3-dihydro-l-benzopyran-6-yl )-l-propene 

( E_) -1 - ( 4-carboxy-2-hydroxypheny 1 ) -2- ( 4 , 4 , 7-tr imethy 1- 
2, 3-dihydro-l-benzothiopyran-6-yl)-l-propen 
(E) -1 - ( 4-carbo xy-2-h ydroxypheny 1 ) -2- ( 4 , 4-dimethyl-2 , 3 - 
dihydro-1 -b nzopyran-6-yl )-l -propene 
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(E) -1 - ( 4-carboxy-2-hydroxyphenyl ) -2- ( 4 , 4-dimethyl-2 , 3- 
dihydro-1 -benzothiopyr an-6-yl ) ethene 
. (E) -1 - ( 4-carboxy-2-hydroxyphenyl ) -2- ( 4 , 4-dimethyl-2 , 3 - 
dihydro-l-benzopyran-6-yl ) ethene 
5 (E) -1 - (4-carboxy-2-hydroxyphenyl ) -1-f luoro-2- (4,4- 
dimethyl-2 , 3-dihydro-l-benzopyran-6-yl ) -1-propene 
(E) -1 - ( 4-carb6xy-2-hydroxyphenyl ) -1-f luoro-2- (4,4- 
dimethyl-2, 3 -dihydro-1 -benzothiopyr an-6-yl ) -1-propene 

Examples of esters (R = alkoxy, aroxy) are 
10 the methyl, ethyl, isopropyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, decyl, hydroxymethyl, 2- 
hydroxyethyL, 3 hydroxypropyl, phenyl, ^-hydroxy- 
phenyl, o^hydroxyphenyl, £-methoxyphenyl, tolyl, and 
naphthyl esters of the above acids. 
15 Examples of carboxamides ( R = NR 5 R 6 ) are 

the N-methyl, N-isopropyl, N-hexyl, N-octyl, N-2- 
hydroxyethyl, N-3 -hydroxypropyl, N,N-dimethyl, N— 
phenyl, N-ja-hydroxyphenyl , N-ja-methoxy phenyl, and N-jd- 
ethoxyphenyl carboxamides of the above acids and 
20 esters. 

The retinoids of formula (1) where X, X. , 

13 4 o 

R , R and r are hydrogen, R is methyl, the fused 

ring group is a benzonorbornene and Q is carboxyphenyl 
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or carbethoxyphenyl may be made by the following 
route: 




o <*«» 2 *^X^ ) 

n-BuLi or 
other base 




C0 2 Et 



C0 2 Et 




Ac = H 3 CC(0)- 

Other esters and esters of the other 
aromatics may be made by starting with the desired 
phbsphonate of the appropriate aromatic carboxyl 

10 ester. The carboxamides may be made from the acids by 
conversion to acid chlorides or activated esters 
followed by reaction with an appropriate amine. 

The preparation of the fluoro, methyl > 
methoxy and hydroxy substituted benzonorbornenyl 

15 retinoids may also be achieved using this same type of 
synthesis schem : 
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(EtO) 



(DOT 



NaH 



15-crown-5 
THF 




2 P (0)XHC*^>y^ 



where R - H or Me 
Xl - H or F 
X 1 - F, OMa or OH 



15-crown-5 * 1 , 4, 7, 10, 13-pentaoxacyclopentadecane and 
THF = tetrat^ydrofuran. 

The dihydrobenzothiopyranyl retinoids of 
5 formula 1 may be made by the following schemes: 




cr ^ci THF 



I . A1C1. 
R CH 2 C1 2 > 0 




THF, A 



HO 





C0C1 



yS/Vw/\ 0 .1) (EtO) 2 F(0)K 2 

L JL JL 1 , 1 WaW ' 15-crown-5 f THF J IT 
^g^V^SR 1 2) KOH, Et0H/H 3 0y HOAc 7 ^c^S^^R 1 



S 



9 R - Et 
10 R » H 
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Ac - H 3 CC(0)-, THP » tetrahydrofuran, and 15-crown-5 » 
1,4, 7,10,13-pentaoxacyclopentadecane. 

According to the following method the 
dihydrobenzopyrans are made analogously from the 
5 oxygen analog of 2, 3-dihydro-4,4-dimethyl-l- 
benzothiopyran (compound 5_ in the above scheme): 



(ref. l) 

0 1 ^ - (ref. 2) 

T>P(0)(0CH), CS 2 ^O^^^Rl cs 2 



'6 5 2 

U Method A 12 




15 R - H 



Where the abbreviations are as above. 
10 An alternative method (Method B ) for 

preparing 2, 3-dihydro-4, 4-dimethyl-l-benzopyran 
(compound 12 in the above scheme) is as follows: 



(1) Butsugan, Y. , t al, Chem Lett (1976) 523. 

(2) Chatelus, G. , Ann Chim (1949) "4: 505. 
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: NaH 



THF 



(ref . 4) 
LiAlH, 



>^ (ref. 3) 



16 




0' 0 



17 




HO HO 



18 



(ref. 4) 

1. MsCl f pyr , 
1 2. NaOH , 

dioxane/HjO 
(Method B) 




As in the case of the benzonorborene 
5 compounds other esters and esters of other aromatics 
of the benzopyran and benzothiopyran compounds may be 
made by varying the phosphonate reactant. 

The following examples further illustrate 
the invention compounds and their preparation. These 
10 examples are not intended to limit the invention in 
any manner. Abbreviations used in the examples are 
Me = methyl, Et » ethyl, Bu » butyl. NBS =* N-bromo- 
succinimide, Ac ■ H 3 CC(0)-, LDA = lithio diisopropyl- 
amide, THF » tetrahydrof uran, LC » high-performance 
15 liquid chromatography, IR » infrared, tWR « nuclear 
magnetic resonance, UV ■ ultraviolet, EMF » dimethyl- 
formamide, GC « gas chromatography, TLC ■ thin layer 



(3) Milstien, S., t al, J Amer Chem Soc (1972) 94:9158. 

(4) Borchardt, R.T. , et al, J Amer Chem Soc (197TT 94:9166, 
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chromatography, Pd/C = palladium on carbon, and 15- 
crown-5 = l#4,7,10,13-pentaoxacyclopentadecane. 

Example 1» Preparation of { E) -1 - ( 4-Carboethoxy- 
phenyl ) -2- (1,4 methano-1 , 2 , 3 , 4-tetrahydro-6- 
5 naphthyl)-l-propene and (E) -1 - ( 4-Carboxyp henyl ) - 

2- ( 1 , 4 methano-1 ,2,3, 4-tetrahydro-6-naphthyl )-l- 
propene 

1 , 4-Methano-l , 4-dihydronaphthalene . Cyclopentadiene 
(bp 39-40*C) was prepared by heating the dimer and 
10 distilling twice through a 10-cm Vigreaux column 
packed with glass helices. It was stored at -78 *C 
before use. To 4.0 g (0.166 mol) of powdered Mg (20 
to 100 mesh) was added 10 mL of a solution of 26 g 
(0.15 mol) of o^fluorobromobenzene and 9.8 g 
15 (0.15 mol) of cyclopentadiene in 90 mL of THF. The 
reaction started instantaneously. The remaining 
solution was added dropwise over a period of 45 min to 
maintain a gentle reflux. When the addition was 
complete, the mixture was stirred for another 45 min 
20 at room temperature. It was then diluted with 50 mL 
of THF and filtered. The filtrate was concentrated to 
a small volume and about 150 mL of saturated NH^CI was 
added. The product was extracted with Et 2 0 (3 x 
100 mL). The Et 2 0 layer was dried (Na 2 S0 4 ) and 
25 evaporated to give 16 g of a yellow oil. This oil was 
distilled at _ 50-54 *C (1.75 mm) to give 10.7 g of the 
product, which was still contaminated with some polar 
impuriti s by TLC. The distillate was passed over 
200 g of Si0 2 (5% Et 2 0/hexane) to give 10.2 g of 
30 product as a yellow oil (48% yield): IR (film) 3080, 
3000, 2950, 2890, 1460, 1310, 1240/ 1020, 840, 760, 
730, 700 cm" 1 ; X H tWR (CDCI3) 6 2.27 (s, 2, CH 2 ), 3.83 
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(m, 2, CH), 6.8-7.4 (m, 6, HC=?CH, ArH); MS calculated 
for C l3 H l0 142.0782, found 142.0781. 

1 , 4-Methano-l ,2,3, 4-tetrahydronaphthalene . To 16.0 g 
(0.113 mol) of the purified 1 ,4-methano-l , 4-dihydro- 
naphthalene in 150 mL of absolute EtOH was added 1.0 g 
of 5% Pd/C. This mixture was hydrogenated at room 
temperature and atmospheric pressure. After about 
20 h, TLC indicated that no starting material 
remained. The reaction mixture was filtered, concen- 
trated and distilled to afford 10.0 g (62% yield) of 
the product as a colorless oil: bp 67*C (4.5 mm): IR 
(film) 3070,- 3030, 2980, 2880, 1490, 1470, 1320, 1300, 
1260, 1160, 1120,' 1080, 1020, 960, 940, 880, 840, 760, 
720 cm" 1 ; l K NMR (CDC1 3 ) 6 1.1-1.5 (m, 2, HCCH_ 2 CH), 
1.5-2.1 (m, 4, (CH 2 ) 2 ), 3.35-3.5 (m, 2, CH), 7.0-7.3 
(m, 4, ArH)? MS calcd for Ci 1 H l2 144 * 0939 ' found 



10 



15 



144.0930. 



20 



25 



30 



6-Acetyl-l , 4-methano-l ,2,3, 4-tetrnhydronaphthalene . A 
mixture of 6.9 g (47.9 mmol) of 1 , 4-methano-l , 2 , 3 , 4- 
tetrahydronaphthalene and 4.14 g (52.7 mmol) of AcCl 
was added dropwise over a period of 20 min to a 
stirred suspension of 7.34 g (55 mmol) of A1C1 3 in 
50 mL of C1CH 2 CH 2 C1, which was cooled in a water bath 
at 20 *C. When the addition was complete, the mixture 
was stirred at room temperature for 1 h. The reaction 
was quenched with 100 mL of ice-water and extracted 
with Et 2 0 (2 x 150 mL). The Et 2 0 layer was dried and 
concentrated to give 10.6 g of a yellow oil. Distil- 
lation gave 8.1 g (91% yield) of the product as a pal 
yellow oil, bp 102*C (0.2 mm): IR (film) 3000, 2900, 
1690, 1630, 1590, 1440, 1370, 1310, 1280, 1200, 1160, 
1120, 1030, 960, 920, 850, 840 cm" 1 ; X H 1WR (CDCl-j) 6 
1.05-1.3 (m, 2, CHCH^CH), 1.4-2.1 (m, 4, (CH n )„), 2.57 
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( S/ 3, CH 3 CO), 3.3-3T5 - ("r^2— CH)T~7T27-(-a7-^^-8-H^— 
1, 8-ArH), 7.77 (dd, J » 2 Hz, J » 8 Hz, 1, 7-ArH), 
7.83 (d, J « 2 Hz, 1, 5-ArH); MS calcd for C l3 H l4 ° 
186.1045, found 186.1036. 

5 ( E ) -1 - ( 4-Carbethoxypheny 1 ) -2- ( 1 , 4-methano- 

1,2,3, 4-tetr ahydro-6-naphthyl) -1-propene and (Z_)-l-(4- 
Carbethoxyphenyl ) -2- ( 1 , 4-methano-l ,2,3, 4-tetrahydro-6- 
naphthy 1 ) -1 -propene . Diethyl 4-carbethoxybenzylphos- 
phonate was prepared in 76% yield. A solution of 
10 13.8 g (46 mmol) of this phosphonate in 150 mL of THF 
was cooled to T 20*C, while 30 mL (45.6 mmol) of a 1.52 
M solution of jn-BuLi in hexane was added over a period 
of 15 mi'n. The dark brown solution was warmed up to 
0*C and 8.6 g (46.2 mmol) of 6-acetyl-l , 4-methano- 
| 15 1,2,3,4-tetrahydronaphthalene in 10 mL of THF was 0 

I added. The mixture was stirred at room temperature 

f for 16 h. The reaction mixture was next poured onto 

I 500 mL of ice-water and extracted with EtjO 

J (3 x 200 mL) . The Et 2 0 layer was dried (Na 2 S0 4 ) and 

i 20 concentrated to give about 20 g of a yellow oil. This 

i . oil was partially purified on 150 g of silica gel (7% 

| Et 2 0/hexane) to give 3.0 g of the unreacted starting 

material, 6-acetyl-l, 4-roethanc-l, 2,3, 4-tetrahydronaph- 
thalene, and 7.0 g (70% yield from the amount of 
25 ketone consumed) of an approximately 2:1 mixture of Z_ 
and E_ isomers , (Z_)-l-(4-carbethoxyphenyl)-2-(l, 4- 
methano-1 ,2,3, 4-tetrahydro-6-naphthyl ) -1-propene and 
(JB ) -1 - ( 4-carbethoxyphenyl ) -2- ( 1 , 4-methano-l , 2 , 3 , 4- 
tetrahydro-6-naphthyl) -1-propene, respectively. A 
30 purification of the mixture by LC (1% Et 2 0/hexane) 



(5) Kreutzkamp, N. and Cordes, G. , Arch Pharm 
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gave 3.0 g of a mixture containing over 90% of the Z_ 
isomer and 3.5 g of a 1:1 mixture of Z_ and JE 
isomers. A solution of 3.0 g of the 9:1 Z/E_ mixture . 
in 500 mL of CH 2 C1 2 was irradiated with a medium- 
5 pressure Hanovia Hg-arc lamp for 5 h to give a 1:1 

mixture of the Z_ and E_ isomers. The combined mixtures 
were purified by multiple passes on LC (1% 
Et 2 0/hexane) to give 2.0 g (20%) of the E isomer (E_)- 
1- ( 4-carbethoxyphenyl ) -2- ( 1 , 4-methano-l ,2,3, 4-tetra- 

10 hydro-6-naphthyl)-l-propene and 2.1 g (21%) of the Z_ 
isomer, (Z_)-l-( 4-carbethoxyphenyl )-2-(l ,4-methano- 
1,2,3, 4-tetrahydro-6-naphthyl ) -1-propene . ^-isomer: 
LC (Radialpak B, 2% Et 2 0/hexane, 3 mL/min, 260 nm) t R 
5.0 min (0.5%), 5.7 min (99.5%); LC (Radialpak A, 5% 

15 H 2 0/MeCN, 2 mL/min, 260 nm) 6.2 min (100%); IR 

(film) 3000, 2900, 1730, 1620, 1580, 1490, 1460, 1420, 
1380, 1290, 1190, 1110, 1030, 960, 890, 830, 770, 750, 
710 cm" 1 ; 300 MHz 1 H H4R (CDC1 3 ) 6 1.15-2.30, 1.50- 
1.60, and 1.90-2.00 (3 m, 6, (CH 2 ) 2 , HCCH^CH), 1.41 

20 (t, J = 7 Hz, 3, CH^Hj), 2.29 (s, 3, CH3), 3.37 (s, 
2, CH), 4.38 (q, J - 7 Hz, 2, COjCH^CH-j ) , 6.81 (s, 1, 
C=CH), 7.16 (d, J = 8 Hz, 1, 8-ArH), 7.24 (d, J = 
8 Hz, 1, 7-ArH), 7.35 (s, 1, 5-ArH ) , 7.40 (d, J = 8Hz, 
2, 2\6'-H), 8.03 (d, J = 8 Hz, 2, 3',5'-H); 13 C NMR 

25 (CDCI3) 14.3 (CH2CH 3 ), 17.8 (C«CCH 3 ), 27.0 ((CH 2 ) 2 ), 
43.4 (HC£H 2 CH), 43.8, 49.2 (CH), 60.7 (£H 2 CH 3 ), 118.2, 
120.2, 123.3, 125.8, 128.0, 128.9 and 129.3 
(C-2' ,3' ,5' ,6' ), 140.1, 141.0, 143.3, 147.8, 148.3, 

166.4 ppm (C0 2 ); UV (EtOH) 308 m (e 2,66 36 1q4) ' 

30 233 nm (c 1.49 x 10 4 ), 206 nm (e 2.68 x 10 4 ); MS calcd 
for C 23 H 24 0 2 332.1776, found 332.1757. Z_-isomer: LC 
(Radialpak B, 2% EtjO/hexane, 3 mL/min, 260 nm) t R 5.0 
min (99%), 5.7 min (1%); LC (Radialpak A, 5% H 2 0/MeCN, 
2 mL/min, 260 nm) t R 5.9 min (100%); IR (film) 3000, 
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2900, 1730, 1620, 1580, 1490, 1460, 1420, 1380, 1290, 
1190, 1110, 1030, 960, 890, 830, 770, 750, 710 cm" 1 ; 
300 MHz X H iMR (CDC1 3 ) 6 1.10-1.20, 1.45-1.55 and 
1.80-1.90 (3 m, 6, (CH 2 ) 2# HCCH^CH), 1.35 (t, J * 
7 Hz, 3, CHjCH^)* 2.21 (s, 3, C=CCH 3 ), 3.25 and 3.34 
(2 s, 2, CH), 4.34 (q, J - 7 Hz, 2, CH^C^), 6.42 (s, 
1, C=CH), 6.85 (d, J - 8 Hz, 1, 7-ArH), 6.94 (s, 1, 5- 
ArH), 6.95 (d, J = 8 Hz, 2, 2',6'-H), 7.06 (d, 
J = 8 Hz, 1, 8-ArH), 7.73 (d, J - 8 Hz, 2, 3V,5'-H)? 
13 C IWR (CDC1 3 ) 14.3 (CH2CH2 ) , 27.1 ((CH 2 ) 2 ), 27.5 
(C=CCH 3 ), 43.5 (HCCH 2 CH), 43.7 and 49.1 (CH), 60.6 
(£H 2 CH 3 ), 120.1, 120.5, 124.9, 125.2, 127.6, 128.6 and 
128.9 (2' ,3V5' ,6' ), 138.7, 142.5,. 142.7, 147.4, 
148.5, 166.5 ppm (C0 2 )y UV (EtOH) X max 300 nm (e 1.68 
x 10 4 ), 239 nm (e 1.67 x 10 4 ), 205 nm (e 2.89 x 10 4 ); 
MS calcd for for C 23 H 24 0 2 332.1776, found 332.1741. 



( Z) -1 - ( 4-Carboxyphenyl ) -2- ( 1 , 4-methano-l ,2,3,4- 
tetrahydro-6-naphthyl)-l-propene. To a solution of 
1.8 g (5.42 mmol) of the Z^-ester in 20 mL of warm EtOH 

20 was added a solution of 1.5 g of KOH (26.7 mmol) in 
2 mL of H 2 0 and 3 mL of EtOH. The mixture was 
degassed three times under argon and heated in an 80 *C 
oil bath for 30 min. The cooled solution was acidi- 
fied with 20 mL of 50% H 2 0/H0Ac. The precipitated 

25 acid was extracted into 100 mL of Et 2 0. The EtjO 

layer was washed with 100 mL of brine, dried (MgS0 4 ), 
and evaporated. The crude acid was recrystallized 
from MeOH to give 1.3 g (79% yield) of (Z_)-l- (4-car- 
boxyphenyl ) -2- ( 1 , 4 methano-1 ,2,3, 4-tetrahydro-6- 

30 naphthyl)-l-propene as vfriite crystals, mp 188*C: LC 
(Radialpak A, reverse phase, 40% H 2 0/CH 3 CN, 2 mL/min, 
260 nm) t R 1.3 min (100%)? IR (mull) 1690, 1610, 1320, 
1300, 1180, 1120, 940, 880, 830, 770, 730, 700 cm" 1 ? 
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300 MHz X H NMR (CDCI3) 6 1.10-1.30, 1.45-1.55 and 
1.80-1.95 (3 m, 6, (CH 2 ) 2 , HCCI^CH), 2.23 (s, 3, CH3), 
3.25 and 3.34 (2 s, 2, CH), 6.44 <s, 1, C=CH), 6.86 
(d, J = 8 Hz, 1, 7-ArH), 6.94 (s, 1, 5-ArH), 6.97 (d, 
J = 8 Hz, 2, 2\6'-H), 7.08 (d, J = 8 Hz, 1, 8-ArH), 
7.77 (d, J = 8 Hz, 2, 3\5'-H) 9.5-10.4 (broad s, 1, 
C0 2 H); 13 C tWR (CDCl 3 /Me 2 SO-d 6 ) 26.9 ((CH 2 ) 2 ), 27.2 
(C=CCH 3 ), 43.3 (HCCH 2 CH), 43.4 and 48.9 (CH), 119.9, 
120.3, 124.7, 125.0, 127.3, 128.5 and 129.1 
( 2',3' ( 5',6'), 138.4, 142.3, 142.7, 147,2, 148.3, 



169.4 ppm (C0 2 ); U* (EtOH) X^ ax 293 nm (c 1.43 X 10 ), 
280 nm (e 1.39 x 10 4 ), 
for C 2l n 20 v. 2 



238 nm (e 1.44 x 10 4 ); MS calcd 
H-,-Cw 304.1463, found 304.1436. 



(E)_l-( 4-Carboxyp henyl ) -2- ( 1 , 4-methano-l ,2,3,4- 

15 t etrahydro-6-naphthyl ) -1 -propene . A solution of 1.5 g 
(26.7 mmol) of KOH in 2 mL of H 2 0 and 3 mL of EtOH was 
added, to a warm solution of 2.0 g (6.02 mol) of (EJ-1- 
( 4-carbethoxyphenyl ) -2- ( 1 , 4-methano-l ,2,3,4- 
tetrahydro-6-naphthyl)-l -propene in 20 mL of EtOH. The 

20 mixture was degassed under argon three times and then 
heated at 80'C for 30 min, cooled and acidified with 
20 mL of 50% H 2 0/H0Ac. The acid was extracted with 
100 mL of Et 2 0. The Et 2 0 solution was washed with 
100 mL of brine, dried (MgS0 4 ), and concentrated to 

25 give 1.8 g of the crude acid, which was recrystal lized 
from EtOAc to afford 1.2 g (66% yield) of white crys- 
tals, mp 209-Ct LC (Radialpak A, 40% H 2 0/MeCN, 
2 mL/min, 260 nm) t R 1.25 min (100%); IR (mull) 1690, 
1610. 1320, 1300, .1180, 1120, 960, 890, 830, 720 cm" ; 

30 300 MHz X H tWR (CDCl 3 ) 6 1.20-1.30, 1.50-1.60 and 

1.85-1.95 (3 m, 6, (CH 2 ) 2 , HCO^CH), 2.31 (s, 3, CH3), 
3.?" (s, 2, CH), 6.82 (s, 1, C=CH), 7.16 (d, J =» 8 Hz, 
1, 8-ArH) , 7.25 (d, J - 8 Hz, 1, 7-ArH), 7.36 (s, 1, 
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5-ArH) , 7.45 (d, J » 8 Hz, 2, 2',6'-H), 8.08 (d, J = 
8 Hz, 2, 3\5'-H), 8.4-9.0 (broad s, 1, COjH); 13 C *MR 
(CDCl 3 /Me 2 SO-d 6 ) 17.7 (CH3), 26.8 ((CH 2 ) 2 ), 43.2 
(HCCH 2 CH), 43.6 and 49.0 (CH), 118.0, 120.0, 123.1, 
5 125.7/ 128.7 and 129.4 (2 ' , 3 • , 5' , 6' ) , 139.8, 140.8, 
142.9, 147.6) 148.2, 168.4 ppm (C0 2 ); UV (EtOH) \ JaAX 
301 nm (e 2.45 x 10 4 ), 227 ran (e 1.35 x 10 4 ); MS calcd 
for C 2l H 20 O 2 304.1463, found 304.1451. 

Example 2. P reparation of (E_)-l-(4-Carbethoxyphenyl)- 
10 2- ( 4 , 4-dimethyl-2 , 3-dihydro-l -benzothiopyran -6-y 1 ) - 

1-propene and (E_) -1- (4-Carboxyphenyl ) -2- (4, 4-dimethyl- 
2 , 3-dihydro-l -benzothlopyran-6-yl ) -1 -propene . 

Phenyl 3 , 3 -Dimethylthiolacrylate . To a degassed 
(argon) suspension of NaH, which was obtained from 

15 3.2 g (80 mmol) of 60% NaH/raineral oil dispersion, 
which had been washed with hexane (3 x 15 mL) under 
argon, in 30 mL of THF, was added over a period of 5 
min with stirring and cooling in ice a solution of 
8.8 g (80 mmol) of thiophenol in 80 mL of THF. The 

20 suspension was stirred for a further 15 min and then 
treated with a solution of 10.1 g (85 mmol) of 3,3- 
dimethylacryloyl chloride in 40 mL of THF over a per- 
iod of 10 min and then allowed to warm to room tem- 
perature over a 2-h period. The suspension was poured 

25 into 200 mL of water containing 2 mL of HOAc and 

stirred for 15 min and then extracted with 200 mL of 
Et 2 0. The extract was washed with dilute brine (3 x 
100 mL), dried (Na 2 S0 4 ), and concentrated to give a 
yellow oil. Distillation yielded the thiolester, 

30 phenyl 3, 3-dimethylthiolacrylate, as 15.0 g (98% 

yield) of colorless liquid, bp 105-106'C (0.7 mm); IR 
(CHC1-) 168O, 1625, 1475 cm" 1 ; X H W4R (CDCI3) 6 1.88, 
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2.14 (2 s, 6, (CH 3 ) 2 C), 6.07 Cm, 1, C-CH). 7.43 (m, 5, 
ArH); MS calcd for C^H^OS 192.061, found 192.059. 

1 3-Dihvdro-4.4-dimethyl -2-oxo-l-ben 2 othio Py ran. A 
stirred, ice-cooled suspension of 14.0 g (105 mmol) of 

5 A1C1, in 100 mL of CH 2 C1 2 was treated with a solution 
of 13.44 g (70 mmol) ' of phenyl 3, 3-dimethylthiolacryl- 
ate in 70 mL of CH 2 C1 2 . The reaction mixture was 
allowed to stand at 0'C for 15 h and then was poured 
onto 200 g of ice/brine. The aqueous phase was 

10 extracted with 100 mL of CH 2 C1 2 . The combined .CB 2 C1 2 
solutions were washed with dilute brine (2 x 150 mL) 
and water (150 mL), dried (Na 2 S0 4 ), and concen- 
trated. The pale yellow liquid (13.5 g) was chromato- 
graphed on a 7 x 3 5 -cm column of silica gel (10% 

15 Et-O/hexane) to give 12.24 g (91% yield) of the 

thiolactone, 2. 3-dihydro-4,4-dimethyl-2-oxo-l-benzo- 
thiopyran, as a solid, mp 34-35'C; IR (CHCI3) 1680, 
1595, 1475 cm' 1 ; X H N*R {CDCI3) 6 1-39 (s, 6, 
(CH,),C), 2.65 (s, 2, CH 2 C0), 7.15-7.63 (m, 4, ArH); 

20 MS calcd for C^H^OS 192.061, found 192.059, 

2 3-Dihydro-4,4-dimethvl-l-benz othiopyran. 
Method A. To 1.0 g (26 mmol) of LiAlH^, which was 
stirred under argon in an ice bath, was added 15 mL of 
THF. This suspension was degassed twice with argon. 

25 A solution of 0.96 g (5.0 mmol) of 2, 3-dihydro-4, 4- 
dimethy 1-2-oxo-l -benzothiopyr an in 6 mL of THF was 
introduced dropwise at room t mp rature. The reactxon 
mixtur was then refluxed for 4 h, cooled in 
ice/water, and the excess LiAlH^ was qu nched by the 

30 dropwise addition of 20% EtOAc/THF. The mixture was 
poured onto 50 mL of 2 N H 2 S0 4 and extracted with 
2 x 25 mL of Et 2 0. The xtract was washed with 
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diluted brine (3 x 25 mL), dried (Na 2 S0 4 ), and 
concentrated. The colorless oil (0.95 g.) was chromat- 
ographed on a 2 x 30-cm silica gel column, which was 
eluted with 350 mL of 2% Et 2 0/hexane, to give, succes- 
5 sive'ly, (a) 0.36 g (40% yield) of 2, 3-dihydro-4, 4- 
dimethyl-l-benzothiopyran, as a colorless liquid: IR 
(CHC1 3 ) 1595, 1470 cm -1 ; X H 1WR (CDCI3) 6 1 • 29 (s, 6, 
(CH 3 ) 2 C), 1.90'(m, 2, CCH 2 ), 2.98 (m, 2, CHjS), 6.87 
(m, 3, ArH), 7.27 (m, 1, ArH ) 7 MS calcd for C U H 14 S 

10 178.081, found 178.080; and (b) 0.51 g (52% yield) of 
the alcohol (compound 4. on page 15) as a colorless 
gum: IR (CHCI3) 3600, 3430, 1590 cm' 1 ; 1 H BMR (CDCI3) 
6 1.47 (s, 6., (CH 3 ) 2 C), 2.12 (broad s, 1, OH, 
exchanged D 2 p), 2.23 (t, J - 8 Hz, 2, CCH 2 ), 3.38 (t, 

15 J = 8 Hz, 2, CH 2 0), 3.60 (broad s, 1, SH, exchanged 
D 2 0), 6.90-7.38 (m, 4, ArH); MS calcd for C u H l6 0S 
196.092, found 196.089. 

Method B : To a solution of 22.9 g (88 mmol) of SnCl 4 
in 200 mL of CH 2 C1 2 , cooled in ice, was added a solu- 

20 tion of 7.83 g (44 nunol) of 3-methyl-2-buten-l-yl 

phenyl sulfide in 40 mL of CH 2 Cl r The solution was 
stirred at 0-5'C for 20 min and then at room temper- 
ature for 20 h. The red solution was poured onto 
500 g of ice/brine," and the organic extract was washed 

25 successively with 250-mL volumes of brine, aqueous 

NaHC0 3 , and water (three times). The CH 2 C1 2 solution, 
which contained suspended inorganic material, was 
dried (Na 2 S0 4 ), filtered, and concentrated. The 7.4 g 
of yellow liquid was chromatographed twice using a 

30 4.5 x 40-cm silica gel column with 0.75% Et 2 0/hexane 
to give 4.11 g (52% yield) of 2, 3-dihydro-4, 4- 
dimethyl-l-benzothiopyran, a colorless liquid. The 
product was spectrally (IR, IWR) id ntical with the 
sample pr par d by the LiAlH 4 reduction of 

35 2, 3-dihydro-4, 4-dimethyl-2-oxo-l-benzothiopyran. 
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3-Methyl-2-buten-l-vl Phenyl Sulfide . A stirred 
suspension of NaH, which was obtained by washing 
(hexane, 3 x 15 mL) 3.0 g (75 mmol) of 60% NaH/mineral 
oil dispersion under argon, in 20 mL of THF was cooled 
5 under argon in ice/water and treated with 7.15 g 
(65 mmol) of thiophenol in 65 mL of THF, which was 
added dropwise over a 10-min period. The suspension 
was stirred for 40 min before a solution of 9.3 g 
(62.4 mmol) of 3, 3-dimethylallyl bromide in 25 mL of 

10 THF was added over a 10-min period, while the reaction 
mixture was maintained at ice-bath temperature. The 
reaction mixture was stirred for a further 45 min and 
then allowed to warm to room temperature over a 1.25-h 
period. The white suspension was poured into 300 mL 

15 of water. The organic phase was washed with 150 mL of 
IN NaOH solution and twice with 150 mL of dilute 
brine and dried (Na 2 S0 4 , overnight).. The colorless 
solution was concentrated, and the resulting oil was 
chromatographed on a 5 x 40-cm silica gel column with 

20 2 L of hexane, followed by 1% Et 2 0/hexane. The crude 
allylic sulfide, 3-methyl-2-buten-l-yl phenyl sulfide, 
was obtained as a colorless oil (10.3 g). This oil 
was distilled to give 9.76 g (88% yield) of 3-methyl- 
2-buteri-l-yl phenyl sulfide as a colorless, foul- 

25 smelling liquid, bp 83-85*C (0.8 mm); IR (CHCI3) 1665, 
1580, 1475 cm" 1 ; X H H4R (CDCI3) 6 1.57, 1.70 (2 s, 6, 
(CH 3 ) 2 C), 3.52 (d, J - 8 Hz, 2, CH 2 S), 5.30 (t, J = 
8 Hz, 1, C=CH), 7.28 (m, 5, ArH); MS calcd for C lL H l4 S 
178.081, found 178.080. 
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6-Acetvl-2, 3-dihvdro-4. 4-dimethyl -l-benzothiopyran. A 
solution of 1.3 g (16.6 nnnol) of acetyl chloride and 
2.85 g (16.0 mmol) of 2, 3-dihydro-4. 4-dimethyl-l- 
benzothiopyran in 50 mL of CS 2 was added dropwise over 
5 a 15-min period to 3.2 g (24.0 mmol) of AICI3 with 
stirring and cooling in ice. The additon funnel was 
rinsed with 10 mL of CS r The reaction mixture was 
stirred at room temperature for 2.25 h, before the 
resultant orange suspension was treated with 50 mL of 

10 ice/brine. The organic phase was separated, and the 
aqueous phase was extracted with CH 2 C1 2 (2 x 50 mL) . 
The combined extracts were washed with dilute brine 
(3 x 50 iiL) r dried (Na 2 S0 4 ), and concentrated. The 
pale yellow, viscous oil was chromatographed on a 

15 3 x 30-cm silica gel column with 10% EtjO/hexane to 
give 2.92 g (83% yield) of 6-acetyl-2. 3-dihydro-4, 4- 
dimethyl-l-benzothiopyran as a pale yellow, viscous 
liquid; IR (CHCI3) 1670, 1590, 1545 cm" 1 ; X H NMR 
(CDC1 3 ) 6 1.35 (s, 6, (CH 3 ) 2 C), 1.93 (m, 2, CCH 2 ), 

20 2.53 (s, 3, CH3CO), 3.05 (m, 2, CH 2 S), 7.12 (d, J = 

8.5 Hz, 1, 8-ArH ) , 7.57 (dd, J = 8.5, 2 Hz, 1, 7-ArH) , 
8.00 (d, J = 2 Hz, 1, 5-ArH) ; UV (MeCN) 237.5 nm 

( c 6.3 x 10 3 ), 242 nm (e ** .2 x 10 3 ), 310 nm (e 
1.82 x 10 4 ); MS calcd fo," ^-H^OS 220". 092, found 

25 220.090. 

( E_) _i _ ( 4-C arbethoxyphenyl ) -2- ( 4, 4-dimethyl-2 . 3- 
dihvdro-l-benzothiopvran-6-yl ) -1-propene . To a 
suspension of NaH, which was obtained from 0.52 g 
(13 mmol) of 60% NaH/mineral oil dispersion washed 
30 three times with 2 mL of hexane, in 20 mL of THF , under 
argon was added at room temperature ov r a period of 
50 min a solution of 2.2 g (10.0 mmol) of 6-acetyl- 
2,3-dihydro-4,4-dim thyl-l-benzothiopyran, 3.6 g 
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(12.0 mmol) of diethyl 4-carbethoxybenzyl ph jsphonate, 
and 0.45 g (2.0 mmol) of 15-Crown-5 in 30 mL of THF. 
The orange suspension was stirred at room temperature 
for 17 h to give a red solution and a red-crange 
gum. This mixture was treated with 200 g of ice/brine 
containing 1 mL of HOAc and extracted with Et 2 0 
(2 x 50 mL). The extract was washed with 50 mL of 
dilute brine, dried (Na 2 S0 4 ), and concentrated. The 
yellow solid was chroma tographed on a 3 x 30-cra silica 
gel column with 7% Et 2 0/hexane to give 3.2 g (87% 
yield) of the crude product, which was further 
purified by preparative LC in 7% Et 2 0/hexane to give 
3.14 g (85% yield) of (E_)-l-(4-carbethoxyphenyl)-2- 
( 4 , 4-dime thy 1-2 , 3 -dihydro-1 -benzo thiopyr an-6-y 1 ) -1 - 
15 propene. *H N4R and analytical LC (Radialpak B, 5% 
Et 2 0/hexane, 1 mL/min, 280 nm) indicated a single 
isomer contaminated with an oxidation product. " Two 
crystallizations from 20 to 30 mL of 10% EtOAc/hexane 
gave 1.70 g (46% yield) of the pure E-ester (E)-l-(4- 
20 carbethoxyphenyl)-2-(4,4-dimethyl-2,3-dihydro-l- 
benzothiopyran-6-yl)-l -propene, mp 94-94. 5 *C. A 
further 0.56 g (15% yield) was obtained by two more 
crystallizations of the material recovered from the 
crystallization mother liquor. The combined yield of 
25 white crystals was 2.26 g (62%); LC (Radialpak A, 
MeCN, 1 mL/min, 280 nm) t R 7.8 min (100%); LC 
(Radialpak B, 5% Et 2 0/hexane, 1 mL/min, 280 nm) t R 7.3 
min (100%); IR (CHC1 3 ) 1705, 1605, 1475 cm" 1 ; X H *WR 
(CDC1 3 ) 6 1.38 (s, 6, (CH 3 ) 2 C), 1.41 (t, J - 7 Hz, 3, 
30 CHjCITj), 1.99 (m, 2, CCH 2 ), 2.27 (d, J - 1 Hz, 
H3CC-C), 3.05 (m, 2, CH 2 S), 4.39 (q, J - 7 Hz, 
CH 2 CH 3 ), 6.79 (s, 1, C-CH), 7.09 (d, J * 8 Hz, 1, 8- 
ArH), 7.21 (dd, J - 8 Hz, J - 2 Hz, 1, 7-ArH), 7.41 
(d, J - 8 Hz, 2, ArH jn to C0 2 Et) 7.51 (d, J » 2 Hz, 1, 
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5-ArH), 8.04(d, J -"8 Hz, 2, ArH o to C0 2 Et); 1 CTHBT- 
(CDC1 3 ) 14.3, 17.6, 23.1, 30.2, 33.1, 37.7, 60.7, 
123.5, 123.8, 125.5, 126.2, 128.0, 128.7, 129.2, 
131.2, 139.1, 139.1. 141.5, 142.8, 166.1 ppm; UV 
(EtOH) \ vaLX 244.5 nm (e 1.24 x 10 4 ), 326 am ( e 
2.62 x 10 4 ); MS calcd for C^HjgO-jS 366.165, found 
366.163. 

(E ) -1 - ( 4-Carboxypheny 1 ) -2- ( 4 , 4-dimethy 1-2 , 3-dihydro- . 
1-benzothiopvr an-6-yl ) -1-propene . To a degassed 
(three times, argon) suspension of 1.50 g (4.1 mmol) 
of the ethyl ester (E.)-l-(4-carbethoxyphenyl)-2-(4,4- 
dimethyl-2, 3-dihydro-l-benzothiopyran-6-yl ) -1-propene 
in 7.5 mL of" EtOH was added a degassed (two times, 
argon) solution of 0.75 g (11.4 mmol) of 85% KOH in 
15 2.25 mL of water, followed by a 0.5-mL water rinse. 

The mixture was again degassed (twice) and then heated 
at reflux in a 100-110'C oil bath for 40 min. The 
ester dissolved within 15 min to give a pale-yellow 
solution. The reaction mixture was cooled to room 
temperature, quenched with a solution of 2 mL of HOAc 
in 10 mL of water, and then diluted with 10 mL of 
brine. Because the white, solid carboxylic acid 
failed to dissolve in Et 2 0, it was extracted out with 
EtOAc (100 mL, then 50 mL). The very pale-yellow 
extract was washed with dilute brine (2 x 25 mL) and 
water (25 mL) , dried (Na 2 S0 4 ), and concentrated. The 
almost white powder was recrystal lized twice from 
60 mL of EtOAc to give 1.05 g (75% yield) of white 
crystals, mp 217-217. 5«C: LC (Radialpak A, 40% 
H-O/MeCN, 1 mL/min, 280 nm) t R 1.6 (0.3%), 2.1 (1.5%), 
4.3 min (98.2%); 1R (mull) 3200-2200, 1680, 1600 em"* ; 
*H NMR (CDCI3) 6 1.38 (s, 6, (C^^C), 1.99 (m, 2, 
CCH 2 ), 2.29 (s, 3, H 3 CC=C), 3.05 (m, 2, CH 2 S), 6.80 
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(s, 1. C=CH), 7.10 (d, J « 8.6 Hz, 1, 8-ArH) , 7.22 
(dd, J - 8.3, J - 1.7 Hz, 1, 7-ArH), 7.46 (d, J = 
8.3 Hz, 2, ArHra to C0 2 H), 7.52 (d, J =■ 1.8 Hz, 1, 5- 
ArH), 8.11 (d, J = 8.3 Hz, 2, ArH o to C0 2 H); 13 C tWR 
(CDCl 3 /Me 2 SO-d 6 ) 16.5, 21.8, 29.0, 31.9, 36.4, 122.3, 
122.7, 124.3, 125.0, 127.4, 127.6, 128.2, 130.0, 
137.7, 138.8, 140.4, 141.3, 166.4 ppm; UV (EtOH) \ m&x 
233 nm (e 1.08 x 10 4 ), 319 nm (c 2.53 x 10 4 ); MS calcd 



for C 21 H 22 0 2 S 338.134, found 338.132. 

10 Exam ple 3. Preparation of (£)-!- (4-Carbpxyphenyl- 
2- (4. 4 dimethyl-2, 3-dihydr o-l-benzopvran-6-yl )-l- 
propene . 

2,3-Dihydro-4,4-dimethyl-l-benzopyran was prepared by 
two routes, both based on reported procedures. Method 

15 A as shown on page 16 utilized a Friedel-Craf ts 

alKylation of phenol by diphenyl 3-methyl-3-buten-l-yl 
phosphate (Butsugan Y. , et al, supra ). The overall 
yield from diphenyl chlorophosphate was 39%. Method B 
as shown on page 17 employed an intramolecular 

20 Friedel-Crafts alkylation (Milstien, S., et al, supra) 
of phenyl 3 , 3-dimethylacrylate to give the lactone, 
2,3-dihydro-4,4-dimethyl-2-oxo-l-benzopyran, which was 
reduced to the diol (compound 18_ on page 17, 
Borchardt, R.T., et al, supra ), and the primary 

25 alcohol group of which was selectively esterified as 
the mesylate. Intramolecular displacement of the 
mesylate by phenoxide ion gave 2, 3-dihydro-4, 4- 
dimethyl-l-benzopyran in 71% overall yield from 
phenol. Attempted synth sis of 2, 3-dihydro-4, 4- 

30 dimethyl-l-benzopyran by cyclization of 3, 3-dimethyl- 
allyl phenyl ether using a variety of Lewis acids gave 
littl or none of the desired ether. 2, 3-Dihydro-4, 4- 
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1, C=CH), 7.10 (d, J * 8.6 Hz, 1, 8-ArH), 7.22 
(dd, J * 8.3, J - 1.7 Hz, 1, 7 -ArH) , 7.46 (d, J = 
8.3 Hz, 2, ArH m to C0 2 H), 7.52 (d, J = 1.8 Hz, 1, 5- 
ArH) , 8.11 (d, J = 8.3 Hz, 2, ArH o. to C0 2 H); 13 C *MR 
5 (CDCl 3 /Me 2 SO-d 6 ) 16.5, 21.8, 29.0, 31.9, 36.4, 122.3, 
122.7, 124.3, 125.0, 127.4, 127.6, 128.2, 130.0, 
137.7, 138.8, 140.4, 141.3, 166.4 ppm; UV (EtOH) \ m&x 
233 nm (e 1.08 x 10 4 ), 319 nm (c 2.53 x 10 4 ); MS calcd 
for C 2l H 22 0 2 S 338.134, found 338.132. 

10 Examp le 3. Preparation of (E)-l- (4-Carboxyphenyl- 
2- (4. 4 dimethyl-2, 3-dihydro-l-benzo pvran-6-yl )-l- 
propene . 

2,3-P\hydro-4,4-dimethyl-l-benzopyran was prepared by 
two routes, both based on reported procedures. Method 

15 A as shown on page 16 utilized a Friedel-Craf ts 

allcylation of phenol by diphenyl 3-methyl-3-buten-l-yl 
phosphate (Butsugan Y. , et al, supra ) . The overall 
yield from diphenyl chlorophosphate was 39%. Method B 
as shown on page 17 employed an intramolecular 

20 Friedel-Crafts allcylation (Milstien, S., et al, supra) 
of phenyl 3 , 3-dimethylacrylate to give the lactone, 
2,3-dihydro-4,4-dimethyl-2-oxo-l-benzopyran, which was 

reduced to the diol (compound on page 17, 
Borchardt, R.T., et al, supra) , and the primary 

25 alcohol group of which was selectively esterified as 
the mesylate. Intramolecular displacement of the 
mesylate by phenoxide ion gave 2, 3-dihydro-4, 4- 
dimethyl-l-b nzopyran in 71% overall yi Id from 
phenol. Attempted synthesis of 2, 3-dihydro-4, 4- 

30 dimethyl-l-benzopyran by cyclization of 3,3-dim thyl- 
allyl phenyl ether using a variety of Lewis acids gave 
little or none of the desired ether. 2, 3-Dihydro-4, 4- 
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dimethyl-l-benzopyran was readily and cleanly acetyl- 
ated at the 6 -position in 81% yield using acetyl 
chloride and SnCl 4 - Acylation of chroman at C-6 is 
well established (Chatelus, G. , supra ) . 

5 The olefin (E)-l-(4-carbethoxyphenyl)-2-(4, 4-dimethyl- 
2,3-dihydro-l-benzopyran-6-yl)-l-propene was prepared 
from 6-acetyl-2,3-dihydro-4,4-dimethyl-l-benzopyran by 
Horner-Emmons reaction using diethyl 

4-caxbethoxybenzyl phosphonate in the presence of 15- 

10 Crown-5 at room temperature. Surprisingly, the 

reaction was not completely stereoselective.^ The 
major, E^-isomer was easily isolated in 57% yield by 
crystallization from hexahe. A sample of the minor 
isomer was obtained by recycle LC (5% Et^O/hexane) for 

15 spectral comparison. The X H tWR spectrum of the minor 
isomer showed significant upfield shifts of the 
chroman aromatic protons ( unresolved multiplets at 60 
MHz) and of the gem- dimethyl protons (upfield shift of 
the minor isomer, 0.26 ppm), due to shielding by the 

20 4-carbethoxyphenyl function. In addition the olefinic 
proton in this isomer was shifted upfield by 
0.33 ppm. A similar shift is observed for cis- 
stilbene relative to trans- stilbene. * 7) The UV 
absorbtion maxima also support a ^-configuration for 

25 the minor isomer; the major isomer had \ mA% 316 nm 

(e 2.42 x 10 4 ), whereas the minor isomer had X max 306 
nm (e 1.17 x 10 4 ). 



(6) Baker, R. , et al, Ancew Chem Int Ed Engl (1981 ) 20tll7 

(7) Katayama, M . , t al, J Mol Spectroscopy (1960) 5^:85. 
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2 , 3 -Dihydro-4 , 4-dimethy 1-1 -benzopyran . ~ 
Method A : To a solution of 8.6 g (0.10 mmol) of 3- 
methyl-3-buten-l-ol in 100 mL of Et 2 0 containing 8.3 g 
(0.105 mol) of pyridine, cooled in ice, was added over 
5 a period of 10 min a solution of 26.9 g (0.10 mmol) of 
diphenyl chlorophosphate in 100 mL of Et 2 0. The 
mixture was stirred at room temperature for 19 h, 
heated at reflux for 3.25 h, and then cooled. The 
white suspension was washed with water (2 x 50 mL), 
10 dried (Na 2 S0 4 ), and concentrated to give 32.3 g of 
pale yellow oil. A sample (1.0 g) of the crude 
product was chromatographed on a 2 x 30-cm silica gel 
column with 10% EtOAc/hexane to give 0.70 g (71% 
yield) of diphenyl 3-methyl-3-buten-l-yl phosphate, a 
15 colorless oil; IR (CHC1 3 ) 3070, 1650, 1590, 1480, 
1280, 1175, 1155, 1020 (1060 sh), 950, 895 cm" 1 ? 
" X H tWR (CDC1 3 ) 6 1.72 (s, 3, CH 3 C=C), 2.42 (t, J = 
7 Hz, 2, C=CCH 2 ), 4.37 (q, J = 7 Hz, 2, CH 2 0), 4.78 
(m, 2, H 2 OC), 7.30 (m, 10, ArH). 

20 To 10.5 g (40 mmol) of SnCl 4 , cooled in ice, was added 
18.8 g (0.20 mol) of phenol with stirring. After 5 
min, a yellow liquid was obtained. To this complex 
was added over a 10-min period, 14.5 g (31.9 mmol) of 
the crude phosphate followed by a 5-ml CS 2 rinse. The 

25 resultant orange syrup was stirred at room temperature 
for 18 h, poured onto 300 g of ice/brine, and extrac- 
ted with Et 2 0 (2 x 300 mL). The extract was washed 
with 2 N NaOH (2 x 200 mL) and dilute brine 
(3 x 200 mL), dried (MgS0 4 ), and concentrated to give 

30 8.3 g of cloudy liquid, which was chromatographed on a 
4.5 x 40-cra silica g 1 column with 2% Et 2 0/hexan to 
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give 2.9 g (39% overall yield from diphenyl chloro- 
phosphate) of 2, 3-dihydro-4, 4-dimethyl-l-benzopyran as 
a colorless liquid; IR (CHCI3) 1610, 1575, 1480, 1445, 
1290, 1245 (1230 sh), 1125, 1065, 945, 880 cm" 1 ; X H 
5 IWR (CDCI3) 6 1.23 (s, 6, (CH 3 ) 2 C), 1.80 (t, J - 

5.5 Hz, 2, qH 2 C(CH 3 ) 2 ), 4.17 (t, J » 5.5 Hz, 2, CH 2 °h 
7.0 (ra, 4, ArH); l3 C IWR (CDCI3) 30.5 (C-4), 31.1 
((CH 3 ) 2 C), 37.8 (C-3), 62.9 (C-2), 117.0 (C-8), 120.5 
(C-6), 126.9, 127.0 (C-5, C-7), 131 . 6 (C-4a) , 153.7 
10 ppra (C-8a). 

Method B : To a degassed (3 times, argon) suspension 
of NaH, obtained from 2.15 g (54 mmol NaH) of 60% 
NaH/mineral oil, which had been washed with hexane 
(3 x 10 mL), in 20 mL of THF was added over a 5-min 

15 period with stirring and cooling in ice a solution of 
5.0 g (53 mmol) of phenol in 55 mL of THF. The 
suspension was stirred for a further 10 min, treated 
with a solution of 7.0 g (59 mmol) of 3, 3-dimethyl- 
acryloyl chloride in 27 mL of THF over a 5-min period, 

20 and then allowed to warm to room temperature over a 3- 
h period. The suspension was poured into 150 mL of 
water containing 1 mL of HOAc. The mixture was 
stirred for 15 min and extracted with 150 mL of 
Et 2 0. The extract was washed with dilute brine (2 x 

25 100 mL) and water (100 mL), dried (Na 2 S0 4 ), and 

concentrated to give a pale yellow liquid. The ester 
was chromatographed on a 4 x 45-cm silica gel column 
with 10% Et 2 0/hexane to give 9.2 g (99% yield) of 
phenyl 3 , 3-dimethylacrylate as a pale y llow liquid; 

30 IR (CHCI3) 1730, 1650, 1495, 1130, 1070 cm" 1 ; X H »4R 
(CDCI3) 6 1.93 and 2.22 (2 s, 6, (CH 3 ) 2 C), 5.92 (m, 1, 
C=»CH),<7.25 (m, 5, ArH). 



-^^g^^^^^^t^^^^-^^-Jmal} in 50 mL of 

CH 2 C1 2 was added to a stirred, ice-cooled suspension 
of 12.0 g (90 mmol) of AICI3 in 200 mL of CH 2 C1 2 . 
This suspension was stirred at room temperature for 63 
h to give a dark brown solution, which was poured onto 
500 mL of ice/brine and then extracted with 150 mL of 
CH 2 C1 2 . The brown extract, which contained some 
suspended solid and aqueous emulsion, was filtered to 
separate out a dark-red organic phase. The organic 
solution was washed with dilute brine (3 x 250 mL), 
dried (Na 2 S0 4 ), and concentrated to give a dark-red 
oil, which was chromatographed on a 4 x 45-cm silica 
gel column with 10% Et 2 0/hexane to give 6.90 g (77% 
yield) of 2, 3-dihydro-4, 4-dimethyl-2-oxo-l-benzopyran 
as a colorless viscous oil; IR (CHCI3) 1765, 1450, 
1275, 1180, 1085, 910 cm" 1 ; l E IWR (CDC1 3 ) 6 '1.35 (s, 
6, (CH 3 ) 2 C), 2.60 (s, 3, CH 2 C0), 7.20 (m, 4, ArH). 

To 5.0 g (132 mnol) of LiAlH^, which was stirred under 
argon and cooled in an ice bath, was added 75 mL of 
THF. This suspension wa# degassed (argon) and then 
treated with a solution of 6.0 g (34.1 mmol) of 2,3- 
dihydro-4, 4-dimethy 1-2-oxo-l -benzopyr an in 3 5 mL of 
THF. The suspension was re fluxed for 2 h and then 
cooled in ice. The excess LiAlH 4 was destroyed by the 
dropwise addition of 20% EtOAc/THF. The thick 
suspension was poured into 200 mL of 2 N H 2 S0 4 /ice. 
This mixture was saturated with NaCl and extracted 
with Et 2 0 (3 x 200 mL). The extract was washed with 
dilute brine (3 x 100 mL), dried (Na 2 S0 4 ), and 
concentrated to 6.2 g of white solid, the crude diol 
(compound 18, on page 17): IR (CHCI3) 3580, 3300, 
1440, 1220, cm" 1 ; X H tMR (CDCl 3 /Me 2 S0-d 6 ) 6 1.38 (s, 
6, (CH 3 ) 2 C), 2.13 (t, J - 7.5 Hz, 2, CHsCfCH-j).,), 3.35 
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"(t. J - 7.5 ^-^T^z 0 ^^"^ 03 ^^" 08 "' 
exchanged D 2 0>. 6.9 (m. 4, ArH), 8.75 (broad s, 1. 

ArOH, exchanged D 2 0) . 

A solution of 5.1 g (28.3 mmol) of diol in. 60 mL of 
pyridine was treated with 4.3 g (37.6 mmol) of 
methanesulfonyi chloride with stirring and pooling m 
an ice bath and then stirred at ice-bath temperature 
for 1 h. The mixture was poured into 200 mL of brine 
and extracted with Et 2 0 (3 x 100 mL) . The extract was 
washed with dilute brine (100 mL), 1 V BC1 solution (2 
x 200 mL), and dilute brine (2 x 100 mL) , dried 
(MgS0„, 1 h), and concentrated to give an oil. This 
crude mesylate ester was dissolved in 60 ML of dioxane 
and treated with stirring with 75 mL of 1 N NaOH. 
After being stirred at room temperature for 2.25 h, 
the two-phase mixture was diluted with brine (100 mL) 
and extracted with Et.O (3 x 100 mL) . The extract was 
washed with 75 mL of dilute brine, dried (MgSO,), and 
concentrated. The crude product was chromatographed 
on a 4.5 x 45-cm silica gel column with 3% Et 2 0/hexane 
to give 4.31 g- (95% overall yield from 2,3-dihydro- 
4,4-dimethyl-2-oxo-l-benzo P yran) of 2, 3-dihydro-4, 4- 
dimethyl-l-benzopyran, which was spectrally identical 
(IR, l tt EMR) with the sample prepared by Method A. 

25 fi^^tvl^^-d ^Y^^^-dimethyl^-benzopyran. A 

solution of 3.6 g (45.9 mmol) of AcCl and 6.5 g 
(40.1 mmol) of 2, 3-dihydro-4,4-dimethyl-l-benzopyran 
in 80 mL of CS- was added dropwise over a period of 
25 min to 16 g (61.3 mmol) of SnCl 4 with stirring and 
cooling in an ice bath. The mixture was stirred at 
room temp rature for 2.25 h to give a blue-purple 
suspension and then poured into 200 mL of ice/brine. 



20 
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The resultant purple suspension was shaken with 1 L of" 
saturated NaHC0 3 solution and 600 mL of CH 2 C1 2 . The 
aqueous phase was again extracted with CH 2 C1 2 
(400 mL), and then combined extracts were washed with 



NaHCO 



3 

(500 mL), and dried (Na 2 S0 4 ). The yellow solution was 
concentrated to give 8.3 g of an orange-brown, viscous 
oil, which was chromatographed on a 4.5 x 45-cm silica* 
gel column with 10% EtOAc/hexane to give 6.85 g of a 
light-green viscous liquid. A 6.0-g sample of this 
material was purified by bulb-to-bulb distillation at 
110-115 # C (0.5 mm) to yield 5.82 g (81% yield) of 6- 
acetyl-2,3-dihydro-4,4-dimethyl-l-benzopyran as a 
colorless viscous liquid; IR (CHCI3 ) 1670, 1605, 1495, 
1300, 1315, 1245 (1225 sh) cm" 1 ; X H JWR (CDCI3) 6 1.37 
(s. 6, (CH 3 ) 2 C), 1.83 (t, J = 5.5 Hz, 2, CH^O^ ) , 
2,53 (s, 3, CH3CO), 4.24 (t, J = 5.5 Hz, 2, CH 2 0), 
6.82 (d, J - 8.5 Hz, 1, H-8), 7.72 (dd, J = 8.5, J = 
2 Hz, 1, H-7), 7.98 (d, J = 2 Hz, 1, H-5); UV (MeCN) 
20 ^ 222 nm (c 1.32 x 10 4 ), 272 nm (e 1.48 x 10 4 ); MS 
calcd for C 13 H 16 0 2 204.1150, found 204.1146. 

(E )-l- (4-Ca rbethoxyphenyl)-2- (4, 4-dimethyl-2 , 3- 
dihvdro-l-benzopyran-6-vl)-l-propene . A degassed 
(argon), stirred suspension of NaH, obtained from 
25 o.52 g (13 mmol of NaH) of 60% NaH/mineral oil disper- 
sion that was washed with hexane (3x3mL), inl5mL 
of THF was treated at room temperature over a 5-min 
period with a solution of 2.04 g (10 mmol) of 
6-acetyl-2,3-dihydro-4,4-dimethyl-l-benzopyran, 3.6 g 

30 (12 mmol) of diethyl 4-carboxybenzyl phosphonate, and 
0.45 g (2.0 mmol) of 15-Crown-5 in 35 mL of THF. The 
suspension was stirred at room temperature for 16 h to 
give a red gum and a red solution. The reaction 



(500 mL), brine (2 x 500 mL), and water 
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mixture was t:rwt'e'd~«ith-^0"iaL^f^rrne— eontarin-i-ng 

1 mL of HOAc and extracted with EtjO (2 x 150 mL) . 
The extract was washed with water (150 mL), dried 
(Na 2 S0 4 ), and concentrated. The yellow oil was eluted 
5 through a 4.5 x 35-cm silica gel column with 7% 

Et 2 0/hexane to give 3.0 g of an almost colorless gum; 
LC (Radialpak B. 5% Et 2 0/hexane, 1 mL/min, 280 nm) t R 
7.3 (84.5%), 8.6 min (15.5%). Two crystallizations of 
this product from hexane (4 mL, then 3 mL) gave 1.98 g 

10 (57% yield) of (E_)-l-(4-carbethoxyphenyl)-2-(4, 4- 
dimethyl-2,3-dihydro-l-benzopyran-6-yl)-l-propene as 
white needles, mp 70-71.5'C; LC (Radialpak A, MeCN, 
1 mL/min, 280 nm) t^ 6.2 (98.3%), 7.0 min (1.7%); LC 
(Radialpak B, 5% EtjO/hexane, 1 mL/min, 280 nm) t R 7.4 

15 (99.7%), 8.6 min (0.3%); IR (CHCI3) 1700, 1605, 1490, 
1280, 1230, 1110 cm" 1 ; 1 H »4R (CDC1 3 ) 6 1.38 (s, 6, 
(CH 3 ) 2 C), 1.40 (t, J = 7.5 Hz, 3, CH^H^), 1.85 (t, 
J = 5.5 Hz, 2, CH 2 C(CH 3 ) 2 ), 2.28 (s, 3, CH^C^H), 4.23 
(t, J = 5.5 Hz, 2, CH 2 0), 4.40 (q, J = 7.5 Hz, 2, 

20 CH 2 CH 3 ), 6.78 (s, 1, C=CH), 6.82 (d, J = 8.5 Hz, 1, 8- 
Ar), 7.2-7.5 (m, 2, 5,7-Ar), 7.45 (d, J =8.5 Hz, 2, 
ArH jn to C0 2 CH 2 CH 3 ), 8.08 (d, J = 8.5 Hz, 2, ArH o to 
C0 2 CH 2 CH 3 ); l3 C M4R (CDCl 3 ) 14.7, 18.0, 31.0, 31.3, 
37.9, 61.1, 63.3, 117.1, 124.7, 125.1, 125.4, 128.3, 

25 129.2, 129.7, 131.6, 136.0, 139.7, 143.6, 153.7, 

166.8 ppm (C=0); UV (EtOH) X max 236 nm (e 1.41 x 10 4 ), 
316 nm (e 2.42 x 10 4 ); MS calcd for C 23 H 26 0 3 350.1882, 
found 3 50.1893. 

A sample of the gum obtained by concentra- 

30 tion of the crystallization mother liquors was puri- 
L,-—' fi <j using the LC recycle technique (Et 2 0 /hexane) to 

give an impure sample of (Z_)-l-(4-carbethoxyphenyl)-2- 
(4, 4-dimethyl-2, 3-dihydro-l-benzopyran-6-yl)-l-propene 
as a very pale-yellow gum; LC (Radialpak B, 5% 
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EtO/hexane, 1 mL/min, 280 run) t R 7.2 (7.4%), 8.4 min 
(92.6%); IR (CHC1 3 ) 1705, 1605, 1495, 1370, 1280, 
(1230 sh), 1110, 910, 880 cm" 1 ; X H tWR (CDCI3) 6 1-12 
(s, 6, (CH 3 ) 2 C), 1.31 (t, J - 7.5 Hz, 3, O^CHg), 1.77 
(t, J » 5.5 Hz, 2, CH2C(CH 3 ) 2 ), 2.20 (d, J « 1.5 Hz, 
3, CH3OCH), 4.15 (t, J = 5.5 Hz, 2, CH 2 0), 4.32 (q, 
J = 7.5 Hz, 2, CH^CH^ ) , 6.45 (s, 1, C=CH), 6.65-7.2 
(ra, 5, 5,7,8-ArH, ArH m to C0 2 CH 2 CH 3 ), 7.85 (d, J = 
8.5 Hz, 2, ArH o. to C0 2 CH 2 CH 3 ); UV (EtOH) ^ 244 run 
(c 1.69 x 10 4 ), 306 ran (e 1.17 x It) 4 ); MS calcd for 
C 23 H 26°3 350.1882, found 350.1887. 



( E) -1 - ( 4 -Carboxyphenyl ) -2- ( 4 , 4-dimethyl-2 , 3-dihydro-l - 
benzopyr an-6-yl ) -1-propene . A degassed (argon) 
solution of 0.6 g (9.1 nunol) of 85% KOH in 5 mL of 

15 EtOH and 1 mL of H 2 0 was added to 1.15 g (3.19 mmol) 
of (E_)^l-(4-carbethbxyphenyl)-2-(4,4-dirnethyl-2,3- 
dihydro-1 -benzopyr an-6-y 1 )-l -propene . The mixture was 
degassed (argon) and heated in a 110'C oil bath for 65 
min to give a clear solution. The cold white suspen- 

20 gion was diluted with 5 mL of 50% HOAc and 50 mL of 
brine. The product was extracted into 500 mL of 50% 
Et 2 0/THF. The extract was washed with dilute brine 
(2 x 100 mL), dried' (MgS0 4 ), and concentrated. The 
white solid was dissolved in 250 mL of 50% EtOAc/C 6 H 6 

25 a t reflux. The hot solution was filtered through a 

glass wool plug, concentrated to 100 mL, and cooled to 
-5 # C.,to give 0.976 g (92% yield) of product as white 
crystals, mp 285-286"C; LC <RadiaJ,pak A, MeOH, 1 mL/min, 
260 run) t R 3.3 min (100%); IR (mull) 3500, 2300, 1675, 

30 1625, 1470, 1375, 1300, 1280, 1230, 820 cm' 1 ; 300 MHz 
l H bMR (M 2 SO) 6 1.40 (s, 6, (CH 3 ) 2 C), 1.84 (m, 2, 
CH 2 C), 4.20 (m, 2, CH 2 0), 6.88 (d, J = 8.4 Hz, 1, 
H-8), 7.55 (dd, J - 8.5 Hz, J = 2.1 Hz, 1, H-7), 7.80 
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(d, J = 2.1 Hz, 1, H-5), 7.91 (dd, J = 8 Hz, J=1.4 Hz , 

1, napH-7), 7.99 (dd, J = 8 Hz, J =0.8 Hz, 1, napH-4 

or napH-8), 8.07 (d, J = 8.7 Hz, l,.napH-4 or napH-8), 

8.16 (d, J » 8.6'Hz, 1, napH-3), 8.24 (s, 1, napH-5 ) , 

5 8.61 (s, 1, napH-1); l3 C N4R (Me 2 SO-d 6 /CDCl 3 ) 28.5, 

28.8, 35.2, 60.7, 115.4, 122.1, 123.6, 123.9, 125.8, 

126.2, 127.8, 128.4, 129.0, 129.8, 130.1, 133.6, 

138.1, 151.6, 165.6 ppm? UV (95% EtOH) X. av 232 nm (e 

a a max 

4.96 x 10*), 268 nm (c 3.31 x 10 4 ), 314 nm (e 

10 2.11 x 10 4 ); MS calcd for <^ 2 2 A 20°2 332.1412, found 

332.1410; Anal, calcd for C22 H 20°3 : C 79.49, H 6.06; 

found: C 79.84, H 6.34. 

Example 4. (E_)-l- (4-Carbethoxyphenyl )-2- (1 , 4-methano- 

l,2,3,4-tetrahydro-6-naphthyl)ethene and (_E)-l-(4- 

15 Carboxyphenyl ) -2- ( 1 , 4-methano-l ,2,3, 4-tetrahydro-6- 
naphthyl ) ethene 

1 , 2, 3, 4-Tetrahydro-l , 4-methano-»6-naphthoic Acid . To a 
solution of 60 g (1.5 mol) of NaOH in 300 mL of H 2 0 
cooled to -5'C was added 25.6 mL (0.5 mol) of Br 2 over 
20 a period of 5 min. The resulting solution of NaOBr 
was kept below 0°C, while a solution of 18.6 g 
(0.1 mol) of 1, 2, 3,4-tetrahydro-6-acetyl-l,4-methano- 
naphthalene in 10 mL of dioxane was added. The 
temperature of the reaction mixture was gradually 
25 raised to 60-65 *C with a hot-water bath and was 

maintained there for 0.5 h. The reaction mixture was 
then cooled to room temperature, before a solution of 
50 g (0.48 mol) of NaHS0 3 in 200 mL of H 2 0 was 
added. The yellow reaction mixture turned color- 
30 less. The mixture was acidified with about 120 mL of 
concentrated HC1; and the white, precipitated acid was 
extracted into 800 mL of Et 2 0. The ethereal solution 
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was dried (Na 2 S0 4 ) and concentrated. The crude 
product was recrystallized (three crops), from EtOAc to 
give a total of 17.67 g (94% yield) of the acid as 
white needles, mp 153-154'C; IR (mull) 2900-3200 
(C0 2 H), 1680, 1280, 1110, 950, 860, 760 cm" 1 ; 1 H iWR 
(CDC1 3 ) 5 1.1-2.2 (m, 6, (CH 2 ) 2 , CHj), 3.45 (s, 2, 
2 CH), 7.2-7.4 and 7.9-8.15 (2 ra, 3, ArH), 11.65 
(broad s, 1, COjH); MS calcd for C l2 H l2 0 2 188.0837, 
found 188.0818. 



10 1,2,3, 4-Tetrahydro-6-formyl-l , 4-methanonaphthalene . 
The naphthoic acid prepared as described above (9.4 g, 
0.05 mol) wa-s added slowly to a stirred suspension of 
1.0 g (26.4 mmol) of LiAlH 4 in 100 mL of THF. Another 
0.6-g (15.8 mmol) portion of LiAlH 4 was then added. 
15 This mixture was stirred at room temperature for 2 h, 
when TLC (25% EtOAc/hexane) indicated that no starting 
material remained. To the reaction mixture was slowly 
added 1.6 mL of HjO, 4.8 mL of 15% aqueous NaOH, and 
1.6 mL of H 2 0. The mixture was filtered through 
20 Celite (100-mL Et 2 0 wash). The filtrate was concen- 
trated, and the resulting colorless oil was purified 
by chromatography on 150 g of silica gel (30% 
Et 2 0/hexane) to give 8.8 g (100% yield) of 1,2,3,4- 
tetrahydro-6-hydroxymethyl-l , 4-methanonaphthalene as a 
25 colorless oil: IR (film) 3200-3600 (OH), 3000, 2900, 
1500, 1460, 1440, 1300, 1270, 1240, 1200, 1140, 1090, 
1020, 960, 900, 880, 830, 770, 730 cm" 1 ; X H bWR 
(CDC1 3 ) 6 0.95-2.0 (m, 6, (CH 2 ) 2 , CH 2 ) , 2.93 (s, 1, 
OH), 3.15-3.40 (m, 2, 2 CH), 4.48 (s, 2, CH^OH), 6.9- 
7.25 (m, 3, ArH); MS calcd for C l2 H l4 0 174.1045, found 
174.1058. 

A solution of 50 mL (0.62 mol) of pyridine 
in 250 mL of CH 2 C1 2 was cooled in an ice-bath while 
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31 g (0.31 mol) of Cr0 3 was added in several portions 
over a period of 30 rain. The mixture was stirred for 
another 15 min. Then 8.6 g (0.15 mol) of 1,2,3,4- 
tetrahydro-6-hydroxymethyl-l , 4-methanonaphthalene in 
5 5 mL of CH 2 C1 2 was added. This mixture was stirred at 
0'C for 20 min when TLC (25% Et 2 0/hexane) indicated 
that reaction was complete. The reaction mixture was 
filtered through Florisil (500 mL of CH 2 C1 2 wash). 
The filtrate was concentrated and passed over 200 g of 

10 silica gel (25% Et 2 0/hexane) to give 6.8 g (80% yield 
of 1, 2. 3, 4-tetrahydro-6-formyl-l, 4-methanonaphthalene 
as a pale yellow oil: IR (film) 3000, 2900; 2800, 
2750. 1700, 1620, 1590, 1460, 1440, 1360, 1310. 1230. 
1190, 1140. 1080, 1030, 960, 840, 810, 780 cm -1 ; 

15 X H tWR (CDC1 3 ) 6 1.1-2.1 (m, 6, (CH 2 ) 2 , CH 2 ), 3.45 
(broad s, 2. 2CH), 7.3-7.8 (m, 3, ArH), 10.0 (s, 1, 
CHO); MS calcd for C^O 172.0888, found 172.0898. 

( E ) -1 - ( 4-Carbeth oxyphenyl ) -2- ( 1 , 4-methano-l ,2.3,4- 
tetrahvdronaphth-6-vl ) ethene . A 1 .06-g (27.4 mmol) 



20 



portion of NaH-mineral oil dispersion (59.3%) was 
washed with three 10-mL portions of pentane, and the 
resulting powder was suspended in 100 mL of THF. A 
mixture of 4.7 g (27.3 mmol) of 1, 2, 3, 4-tetrahydro-6- 
formy 1-1, 4-methanonaphthalene, 8.19 g (27.3 mmol) of 
25 diethyl 4-carbethoxybenzyl phosphonate, and 100 mg of 
15-crown-5 in 25 mL of THF was added. Hydrogen gas 
slowly evolved. The reaction mixture was stirred at 
room temperature for 2 h, and then diluted with 300 mL 
of H 2 0 and extracted with Et 2 0 (3 x 100 mL) . The 
ethereal extracts wer washed with brine (2 x 200 mL) , 
dried (Na 2 S0 4 ), and concentrated at reduced pressure 
to give a white solid, which was recrystallized from 
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~EtOAc to give"7T7"^('8B%~yxere)^^ 
mp 113-114'C; LC (Radialpak B, 2% EtjO/hexane, 
2 mL/min, 260 nm) t R 12.8 min (100%); LC (Radialpak A, 
10% H 2 0/MeCN, 2 mL/min, 260 nm), t R 7.55 min (100%); 
5 IR (mull) 1710, 1610, 1420, 1290, 1190, 1120, 1030, 
970, 860, 780 cm" 1 ; 300 MHz 1 H ttflR (CDCI3) 6 1.20 (d, 
J = 8 Hz, 2, endp-2,3-H), 1.40 (t, J = 7 Hz, 3, 
C0 2 CH 2 CH3), 1.55 (d, J = 8 Hz, 1, anti- 9-H) , 1.77 (d, 
J = 1, syn- 9-H) , 1.94 (d, J = 8 Hz, 2, ^xo-2,3-H), 
10 3.38 (broad s, 2, 1,4-H), 4.38 (q, J = 7 Hz, 2, 

CO-CH-CHj), 7,07 (d ' J = 16 Hz ' 1# C " 2 iL C=CH ' 7,16 and 
7.22 (2 d, J = 9 Hz, 2, 7,8-H), 7.20 (d, J - 16 Hz, 1, 
C-l HC=CH, 7..40 (s, 1, 5-H), 7.54 (d, J = 8 Hz, 2, 2«, 
6'-H), 8.01 (d, J = 8 Hz, 2, 3', 5'-H); 100 MHz 13 C 
15 N4R (CDCI3) 14.3 (CH 3 ), 27.0 and 27.1 (2, 3), 43.5 and 
43.6 (1, 4), 49.0 (9), 60.8 (Cj^O^ ) , 118.2, 120.7 

125.1, 126.0 (2\ 6'), 128.8, 129.9 (3*, 5'), 131.9, 

134.2, 142.1, 148.8, 148.9, 166.4 ppm (C0 2 ); UV (EtOH) 

X . 208 nm (c 2.29 x 10 4 ), 238 nm (g 1.27 x 10 4 ), 
max 

20 332 nm (c 4.04 x 10 4 ); MS calcd for ^ 2 ^22°1 3 18- ] - 6 20, 
found 318.1607. «, 

( E) -1 - ( 4 ' -Ca rboxyphenyl ) -2- ( 1 , 2 , 3 , 4-t etrahydro-1 , 4- 
me thanonaphth- 6-y 1 ) ethene . To a suspension of 1.5 g 
(4.7 mmole) of ester prepared as described above in 

25 10 mL of EtOH was added a solution of 1.2 g 

(21.4 mmole) of KOH in 5 mL of HjO and 3 mL of EtOH. 
The mixture was degassed three times and stirred at 
80 *C for 40 min under an argon atmosphere. Th cooled 
reaction mixture was acidified with 18 mL of a 

30 1:1 mixture of HOAc and H 2 0. The precipitated acid 
was collected by filtration and was recrystallized 
from EtOH to give 1.05 g (77% yield) of the acid as 
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white plates, mp 275'C; LC (Radialpak A, 0.1% TFA in 
25% H,0/MeCN, 2 mL/min, 280 nm) t R 5.38 min (0.1%), 
5.83 min (99.9%); IR (mull) 2900-3200, 1690, 1620, 
1440, 1340, 1300, 1190, 1120, 960, 890, 860, 830, 800, 
5 780 cm' 1 ; 300 MHz X H NMR (Me 2 SO-d 6 ) 6 1.10 (d, J = 

8 Hz, 2, endo-2,3-H), 1.54 (d, J = 8 Hz, 1, anti-9-H), 
1.67- (d, J = 1, syn-9-H), 1.91 (d. J - 8 Hz, 2, exo- 
2,3-H), 3.32 (s, 2, 1, 4-H), 7.18 and 7.27 (2 d, J - 
8 Hz, 2, 7,8-H), 7.22 and 7.35 (2 d, J -.16 Hz, 2, 

10 HC=CH), 7.50 (s, 1, 5-H), 7.67 (d, J - 8 Hz, 2, 

7',6~H), 7.92 (d, J =8 Hz, 2, 3',5'-H), 12.84 (broad 
s, 1, COOH); 100 MHz 13 C NMR (Me 2 SO-d g ) 26.7 (2, 3), 
42.9 and 43..0 (1, 4), 48.5 (9), 118.2, 120.6, 125.2, 
125.7, 126.2 (2', 6'), 129.1, 129.7 (3«, 5'), 131.7, 

15 134.1, 141.7, 148.3, 148.4,, 167.1 ppm (C0 2 )l UV (EtOH) 
x 209 nm (c 2.31 x 10 4 ), 236 nm (c 1.29 x 10 ), 
M6 X «.(c 3.90 x 10*:; MS calcd for C 2() H 18 0 2 290.1307, 
found 290.1312. 

The retinoids of formula (1) may be used 
20 topically or systemically as chemopreventive agents 
and in the treatment, amelioration, or prevention of 
the skin, rheumatic and other disorders for which 
retinoic acid and other retinoids are useful. In this 
regard, they may be used for therapy in animals, 
25 including humans, of premalignant epithelial cell 

lesions, as a prophylaxis against tumor promotion in 
epithelial cells and treatment for dermatoses such as 
icthyoses, follicular disorders, benign epithelial 
disorders, and other proliferative skin diseases (non- 
30 malignant conditions of the skin that are character- 
ized by epidermal cell proliferation or incomplete 
cell differentiation) such as acne, psoriasis, eczema, 
atopic dermatitis, nonspecific dermatitis and the 
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like. When used for such treatments they will usually 
be formulated with a pharmaceutical liquid, semi- 
solid, or solid carrier. A pharmaceutical^ accep- 
table carrier is a material that is nontoxic and gen- 
5 erally inert and does not affect the functionality of 
the active ingredients adversely. Such materials are 
well known and include those materials sometimes 
.referred to as diluents or vehicles in the pharma- 
ceutical formulation art.. The carrier may be organic 

10 or inorganic in nature. Examples of pharmaceutical ly 
acceptable carriers that may be used to formulate the 
retinoids are water, gelatin, lactose, starch, mineral 
oil, cocoa butter, dextrose, sucrose, sorbitol, manni- 
tol, gum acacia, alginates, cellulose, talc, magnesium 

15 stearate, polyoxyethylene sorbitan monolaurate, and 

other commonly used pharmaceutical carriers. In addi- 
tion to the retinoid and carrier the formulation may 
contain minor amounts of additives such as flavoring 
agents, coloring agents, thickening or gelling agents, 

20 emulsifiers, wetting agents, buffers, stabilizers, and 
preservatives such as antioxidants. 

' For topical administration the retinoids are 
conveniently provided in the form of ointments, tinc- 
tures, creams, -solutions, lotions, sprays, suspen- 

25 sions, and the like. The amount of retinoid in such 
topical formulations will normally be in the range of 
about 0.01 to about 1% by weight. For enteral (oral 
or rectal) administration the retinoids will typically 
be formulated as tablets, capsules, dragees, syrups, 

30 solutions, or suppositories. For parenteral admini- 
stration the retinoids will be formulated as injec- 
table solutions or suspensions. 

The dosages and dosage regimen in which the 
retinoids are administered will vary according to the 
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dosage form, mode of administration, the condition 
being treated and particulars of the patient being 
treated. They will, of course, be administered in 
chemopreventive (tumor promotion inhibiting) amounts 
5 or therapeutically effective amounts. For adult 
humans such ch-emopreventive amounts will usually be 
about 0.01 mg to 10.0 mg daily given in one or more 
doses. Oral doses will generally be more than topical 
doses and doses for treating skin disorders will typ- 
10 ically be less than doses administered for cancer 

chemoprevention. The dose for treating skin disorders 
will be on the order of, but normally less than, the 
dose of retinoic acid prescribed for the disorder. 

The usefulness of the invention compounds 
15 was demonstrated by testing the compounds of the 

Examples in the ornithine decarboxylase (ODC) assay, 
Verma, A.K. and Boutwell, R.K., Cancer Res (1977) 
37; 2196-2201, and the tracheal organ culture assay, 
Newton, D.L.; Henderson, W.R.; and Sporn, M.B., Cancer 
20 Res (1980) 40: 3413-3425. The 0DC assay measures a 
compound's ability to prevent the induction of ODC. 
The tracheal organ culture assay measures a compound's 
ability to reverse keratinization. 

The ODC assay is carried out as follows. 
25 Female Charles River CD-I mice from Charles River 

Breeding Laboratories, Wilmington, Massachusetts, are 
used (age 7 to 9 weeks). The dorsal hair of the mice 
is shaved 1 to 2 days before testing, and only mice 
showing no hair regrowth are used. A single dose of 
30 lZ-O^-tetradecanoylphorbol-lS-acetate (TPA) (10.5 ^g, 
17 nmol) in 0.2 mL of acetone is applied topically to 
the^ck of each mouse. The test compound, at one of 
three dose lev Is (1.7, 17 and 170 nmol), dissolved in 
0.2 mL of acetone is applied 1 hour before the TPA 
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treatment to the— test;--groups ;— the--control~"group-~is 

treated with acetone alone. The mice are killed by 
cervical dislocation five hours after TPA treatment. 
Determinations are done in triplicate. 
5 The epidermis is obtained from the sacri- 

ficed animals. To obtain sufficient material, the 
dorsal skins ' from 2 to 3 mice in each treatment group 
are pooled. The depilatory agent Nudit* (Helena 
Rubinstein, New York) is applied to the shaved area of 
10 the skin; after 5 minutes, it is washed off thoroughly 
with cold tap water. Then the skin is excised and 
plunged immediately into ice-cold water; it is then 
placed in a^SS^C water bath for 30 seconds and 
reimmersed in ice-cold water for at least another 30 
15 seconds. The skin is placed epidermis side up on a 
cold plate, and the epidermis is scraped off with a 
razor blade. The pooled epidermal sheets are homogen- 
ized (Polytron PT-10 homogenizer) at 0* to 4*C for 15^ 
20 seconds in 50 nM sodium phosphate and 0.1 nM ethyl- 
20 enediaminetetraacetic acid (EDTA), at a volume of 
1 mL/skin. 

The supernatant fraction remaining after 
centrif ugation of the homogenate at 10,000 x ^ for 30 
seconds at 0 # C is used for the enzyme assay. Enzyme 
25 activity is determined using the microassay for ODC as 
described by Verma and Boutwell to measure the release 
of 14 C0 2 from DL-[l- l4 C]-ornithine (58 mCi/mmol) after 
incubation with the 10,000 x supernatant. The incu- 
bations are carried out by decanting, with a Pasteur 
30 pipette, 100 [iL of the supernatant containing 100 to 
120 \ig of prot in into two or three 15-mL Corex tubes 
z in a shaking water bath at 37 °C. The assay mixture in 
the tubes consists of 50 |iL of 100 nM sodium phosphate 
buffer (pH 7.2), 10 nL of 4 nM pyridoxal phosphate. 
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40 tiL of 25 itM dithiothreitol, and 1 [iL of 0.1 H 
EDTA. The center wells in the tubes are filled with 
200 \iL of a 2:1 solution (v/v) of ethanolamine: 2- 
methoxyethanol. The reaction is started by adding 50 
5 jiL of substrate (0.5 \iCi of . DL-[l- l4 C]-ornithine in 
2 itM cold ornithine) at 1 -minute intervals by injec- 
tion to each of the stoppered tubes. Incubations are 
rputinely carried out at 37°C for 30 to 60 minutes. 
The reaction is stopped by addition of 0.5 ml of 2 M 

10 citric acid, and incubation is continued for an addi- 
tional hour without heating to ensure complete absorp- 
tion of 14 C0 2 - 

Radioactivity is measured using a toluene- 
based scintillant (4 g of PPO and 50 mg of POPOP/L of 

15 toluene) in a Beckman LS-250„liquid scintillation 

counter. Enzyme activity is determined in triplicate 
and expressed as nanomoles of C0 2 released in 30 
minutes per milligram of protein. Enzyme activity is 
linear for the protein concentration used. The pro- 

20 tein concentrations of the epidermal extracts are 

determined by the Lowry procedure, using bovine serum 
albumin as the standard. 

The tracheal organ culture assay is carried 
out as follows. Tracheas are taken from hamsters that 

25 are in very early stages of vitamin A deficiency and 
placed in organ culture. At the time of culture, the 
animals are still gaining weight; the tracheal epi- 
thelium is generally low columnar or cuboidal, with 
only occasional patches of squamous metaplasia. Each 

30 trachea is opened from th larynx to the carina along 
th membranous dorsal wall and cultured in a serum- 
free medium (CMRL-1066; with crystalline bovine insu- 
lin, 0.1 jig/ml; hydrocortisone hemisuccinate, 
0.1 yg/ml; glutamin , 2 mM ; penicillin, 100 units/ml; 
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and streptomycin, 100 ng/ml, added). Cultures are 
gassed with 50% oxygen, 45% nitrogen, and 5% C0 2 - The 
culture dishes are rocked at 35.5-36.0 degrees to 
allow the tracheas contact with both gas and medium. 
All tracheas are grown in medium containing no reti- 
noid for the first 3 days. At the end of 3 days, some 
tracheas are harvested; almost all of these tracheas 
have significant squamous metaplasia, and approxi- 
mately 60% have keratinized lesions. The remaining 
tracheas are then divided into different groups which 
are treated with either: 1) retinoid dissolved in 
dimethylsulfoxide (final concentration of EM SO in 
culture medium is never greater than 0.1%) or 2) an 
equivalent amount of DMSO alone. Culture medium is 
15 changed three times a week, and all of the remaining 
tracheas are harvested at the end of 10 days in cul- 
ture. Tracheas are fixed in 10% buffered formalin and 
embedded in paraffin. Cross sections of five 
micrometers are made through the mid-portion, stained 
with hematoxylin and eosin, and then scored with a 
microscope for the presence of keratin and keratohy- 
aline granules, both of which are found in approxi- 
mately 90% of control cultures that received no reti- 
noid for the entire 10 day culture period. Retinoids 
are scored as "inactive" if both keratin and kerato- 
hyaline granules are seen; they are scored as "active" 
if neither keratin nor keratohyaline granules are 
seen, or if keratohyaline granules alone are absent. 

The table below gives the results of these 



20 



25 



30 tests. 
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10 



15 



20 



25 



Reversal of 
Keratinixation 
in Hamster Tracheal 
Organ Culture 



Test 
Compounds 



Cone 
(M) 



( E ) - 1 - ( 4-c arbethoxy- 
pheny 1 )-2-( 1 , 4 -me than o- 
1,2,3, 4- 1 etrahy dro- 
6-naphthyl ) -1 -propene 



(E)-1-(4-c arboxy pheny 1 ) - 
2- ( 1 , 4-methano- 1,2,3, 
4-tetrahydro-6- 
naphthy 1 ) - 1 -propene 

( E ) - 1 - ( 4-carbethoxy- 
phenyl)-2-( 1 ,4-methano- 
1 ,2,3,4-tetrahydro-6- 
naphthyDethene 

( E ) - 1 - ( 4-carbethoxy- 
phenyl ) -2- ( 4 , 4-dimethy 1- 
2 , 3-dihydro-1-benzothio- 
pyran-6-y 1 ) - 1 -propene 

(E )-1-( 4-c arboxy pheny 1)- 
2~( 4 , 4-dimethy 1- 2 , 3- 
dihydro- 1 -benzothio- 
py ran-6-yl ) - 1 -propene 

( E ) - 1 - ( 4-carbe thoxy- 
pheny 1 ) -2- ( 4 , 4-dimethy 1- 
2 , 3-dihydro- 1 -benzo- 
py ran-6-y 1 ) - 1 -propene 

( E ) - 1 - ( 4-carboxypheny 1 ) - 
2"T( 4 , 4-dimethy 1-2 , 3- 
dihy dro- 1 -benzopyr an- 6- 

yl)-1-pr pene 



Active/Total 
Cultures (%) 

7/7 (100) 
10/14 (71) 
4/12 (33) 
2/7 (29) 



»-10 



,-10 



,-10 



f5 

,-10 



,-10 



8/8 (100) 
8/14 (57) 
3/14 (21) 



4/7 (57) 
3/7 (43) 
1/6 (17) 



7/7 (100) 
6/7 (86) 
4/7 (56) 



7/7 (100) 
7/7 (100) 
6/6 (100) 



7/7 (100) 
7/7 (100) 
2/6 (33) 



Inhibition of Induction of" 
Ornithine Decarboxylase by 

1 2- o-Tetradecanoy lphorbol- 

1 3- "acetate in Mouse Skin 



Dose 

(nmol) 

17 
1.7 



17 
1.7 



17 
1.7 



17 
1.7 



17 
1.7 



17 
1.7 



17 
1.7 



% Inhibition 
of control 

71 
60 



70 
34 



39 
15 



73 
46 



85 
68 



81 
44 



90 
37 



30 
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Claims 

1. A compound of the formula: 




where A is the substituent system of a fused ring 
5 selected from: 




and R 1 , R 2 , R 3 and R 4 are hydrogen or methyl, X is 
hydrogen or fluorine and Q is: 
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where X 1 is hydrogen, hydroxy, methoxy or fluorine, R 
is hydroxy, Alkoxy with 0 or 1 hydroxy substituent, 
5 aroxy or NR 5 R 6 , where R 5 is hydrogen, alkyl with 0 or 
1 hydroxy substituent or aryl, and R 6 is alkyl with 0 
or 1 hydroxy substituent or aryl, with the provisos 
that X is fluorine only when R 2 is methyl, when R 3 or 
R 4 is methyl the other R 3 or R 4 is also methyl, and 
10 when Q is (i) Q may be in either the cis or trans 
position. 

2. The compound of claim 1 wherein the 
alkoxy group represented by R contains 1 to about 10 

15 carbon atoms with 0 or 1 hydroxy substituent, the 
aroxy group represented by R contains 6 to about 15 
carbon atoms, the alkyl groups represented by R 5 and 
r 6 each contain 1 to about 8 carbon atoms with 0 or 1 
hydroxy substituent and the aryl groups represented by 

20 R 5 and R 6 each contain 6 to about 15 carbon atoms with 
0 or 1 hydroxy substitu nts. 

3. The compound of claim 1 wherein the 
alkoxy group represented by R contains 1 to 4 carbon 
atoms with 0 or 1 hydroxy substituent, the aroxy group 
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represented by R is phenoxy, monohydroxyphenoxy , or 
monoallcoxyphenoxy. Where the alkoxy group contains 1 ' 
to 4 carbon atoms, the alkyl groups represented by R 
and R 6 each contain 1 to 4 carbon atoms and have 0 or 
1 hydroxy substituent and the aryl groups represented 
by R 5 and R 6 are phenyl, 4-hydroxyphenyl , or 4- 
methoxyphenyl . 

4. The compound of claim 1 where R is 
ethoxy or hydroxy. 



10 



5. A compound of the formula: 




where R is ethoxy or hydroxy. 



WQ 85/0,0806 



-55- 



6. A compound of the formula: 




where R is ethoxy or hydroxy 



7. A compound of the formula: 




where R is ethoxy or hydroxy, 



8. A compound of the formula: 




C — R 



where R is ethoxy or hydroxy. 



10 9. A pharmaceutical composition comprising 

a pharmaceutical ly effective amount of the compound of 
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claira 1 combined with a pharmaceutically acceptable 
carrier. 

10. A pharmaceutical composition comprising 
a pharmaceutically effective amount of the compound of 

5 claim 2 combined with a pharmaceutically acceptable 

» 

carrier. 

11. A pharmaceutical composition comprising 
a pharmaceutically effective amount of the compound of 
claim 3 combined with a pharmaceutically acceptable 

10 carrier. 

12. A pharmaceutical composition comprising 
a pharmaceutically effective amount of the compound of 
claim 4 combined with a pharmaceutically acceptable 
carrier. 

15 13. A pharmaceutical composition comprising 

a pharmaceutically effective amount of the compound of 
claim 5 combined with a pharmaceutically acceptable 
carrier. 

14. A pharmaceutical composition comprising 
20 a pharmaceutically effective amount of the compound of 

claim 6 combined with a pharmaceutically acceptable 
carrier. 

15. A pharmac utical composition comprising 
a pharmaceutically ffective amount of the compound of 

25 claim 7 combined with a pharmaceutically acceptable 
carrier. 
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% 16. A pharmaceutical composition comprising 

a pharmaceutical^ effective amount of the compound of 
claim 8 combined with a pharmaceutical^ acceptable 
carrier. 

17.. A chemopreventive composition for 
inhibiting tumor promotion in epithelial cells in a 
living animal comprising a tumor promotion inhibiting, 
amount of the compound of claim 1 combined with a 
pharmaceutical ly acceptable carrier. 

18. A chemopreventive composition for 
inhibiting tumor promotion in epithelial cells in a 
living animal comprising a tumor promotion inhibiting 
amount of the compound of claim 2 combined with a 
pharmaceutical ly acceptable carrier. 

19. A chemopreventive composition for 
inhibiting tumor promotion in epithelial cells in a 
living animal comprising a tumor promotion inhibiting 
amount of the compound of claim 3 combined with a 
pharmaceutical ly acceptable carrier. 

20. A chemopreventive composition for 
inhibiting tumor promotion in epithelial cells in a 
living animal comprising a tumor promotion inhibiting 
amount of the compound of claim 4 combined with a 
pharmac utically acceptable carrier. 

21. A chemopreventive composition for 
inhibiting tumor promotion in pithelial cells in a 
living animal comprising a tumor promotion inhibiting 
amount of the compound of claim 5 combined with a 
pharmaceutical ly acceptable carrier. 
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22. A chemopreventive composition >-,.-l 
inhibiting tumor promotion in epithelial cells in a 
living animal comprising a tumor promotion inhibiting 
amount of the compound of claim 6 combined with a 

5 pharmaceutical^ acceptable carrier. 

23. A chemopreventive composition for 
inhibiting tumor promotion in epithelial ceils in a 
living animal comprising a tumor promotion inhibiting 
amount of the compound of claim 7 combined with -a 
pharmaceutical ly acceptable carrier. 



24. A chemopreventive composition for 
inhibiting tumor promotion in epithelial cells in a 
living animal comprising a tumor promotion inhibiting 
amount of the compound of claim 8 combined with a 

15 pharmaceutical^ acceptable carrier. 

25. A therapeutic composition for treating 
a nonmalignant skin disorder comprising a therapeu- 
tically effective amount of the compound of claim 1 
combined with a pharmaceutical ly acceptable carrier. 

20 26. A therapeutic composition for treating 

a nonmalignant skin disorder comprising a therapeu- 
tically effective amount of the compound of claim 2 
combined with a pharmaceutical^ acceptable carrier. 

27. A therap utic composition for treating 
25 a nonmalignant skin disorder comprising a therapeu- 
tically effective amount of the compound of claim 3 
combined with a pharmaceutical^ acceptable carrier. 
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28. A therapeutic composition for treating 
a nonmalignant skin disorder comprising a 
therapeutically 'effective amount of the compound of 
claim 4 combined with a pharmaceutical ly acceptable 

5 carrier. 

29. A therapeutic composition for treating 
a nonmalignant skin disorder comprising a therapeu- 
tically effective amount of the compound of claim 5 
combined with a pharmaceutical ly acceptable carrier. 

10 30. A therapeutic composition for treating 

a nonmalignant skin disorder comprising a therapeu- 
tically effective amount of the compound Of claim 6 
combined with a pharraarceutically acceptable carrier. 

31. A therapeutic composition for treating 
15 a nonmalignant skin disorder comprising a therapeu- 
tically effective amount of the compound of claim 7 
combined with a pharmaceutically acceptable carrier. 

32. A therapeutic composition for treating 
a nonmalignant skin disorder comprising a therapeu- 

20 tically effective amount of the compound of claim 8 
combined with a pharmaceutically acceptable carrier. 

33. A method of inhibiting tumor promotion 
in epithelial cells of a human or other living animal 
comprising administering a tumor promotion inhibiting 

25 amount of the compound of claim 1 to the animal. 

34. A method of inhibiting tumor promotion 
in epithelial cells of a human or other living animal 
comprising administering a tumor promotion inhibiting 
amount of th compound of claim 2 to the animal. 
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35. A method of inhibiting tumor promotion 
in epithelial cells of a human or other living animal 
comprising administering a tumor promotion inhibiting 
amount of the compound of claim 3 to the animal. 

5 36.- A method of inhibiting tumor promotion 

in epithelial cells of a human or other living animal 
comprising administering a tumor promotion inhibiting 
amount of the compound of claim 4 to the animal. 

37. A method of inhibiting tumor promotion 
10 in epithelial cells of a human or other living animal 

comprising administering a tumor promotion inhibiting 

amount of the compound of claim 5 to the animal. 

'•i 

38. A method of inhibiting tumor promotion 
in epithelial cells of a human or other living animal 

15 comprising administering a tumor promotion inhibiting 
amount of the compound of claim 6 to the animal. 

.39. A method of inhibiting tumor promotion 
in epithelial cells of a human or other living animal 
comprising administering a tumor promotion inhibiting 
20 amount of the compound of claim 7 to the animal. 

40. A method of inhibiting tumor promotion 
in epithelial cells of a human or other living animal 
comprising administering a tumor promotion inhibiting 
amount of th compound of claim 8 to the animal. 

25 41. A method of treating a human or other 

living animal for a nonmalignant skin disorder 
comprising administering a therapeutically effective 
amount of the compound of claim 1 to the animal. 
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42. A method for treating a human or other 
living animal for a nonmalignant skin disorder 
comprising administering a therapeutically effective 
amount of the compound of claim 2 to the animal. 

5 43. A method for treating a human or other 

living animal for a nonmalignant skin disorder 
comprising administering a therapeutically effective 
amount of the compound of claim 3 to the animal. 

44. A method for treating a human or other 
10 living animal for a nonmalignant skin disorder 

comprising administering a therapeutically effective 
amount of the compound of claim 4 to the animal. 

45. A method for treating a human or other 
living animal for a nonmalignant skin disorder 

15 comprising administering a therapeutically effective 
amount of the compound of claim 5 to the animal. 

46. ' A method for treating a human or other 
living animal for a nonmalignant skin disorder 
comprising administering a therapeutically effective 

20 amount of the compound of claim 6 to the animal. 

47. A method for treating a human or other 
living animal for a nonmalignant skin disorder 
comprising administering a therapeutically effective 
amount of the compound of claim 7 to the animal. 

25 48. A method for treating a human or other 

living animal for a nonmalignant skin disorder 
comprising administering a thrapeutically effective 
amount of the compound of claim 8 to the animal. 
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